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Abstract 
 
Objectives: This study aims to replicate previous findings that nature-sounds are 
preferred over non-nature-sounds. It also aims to explore possible links between 
any feelings or thoughts that sounds evoke in individuals and how they then rate 
those sounds, and how these might link to current theories of stress reduction and 
attention restoration. 
Method: Using a questionnaire design, 104 participants listened to three nature-
based and three non-nature-sounds. They were then asked to rate the sounds and 
invited to describe thoughts and feelings that came to mind whilst listening to the 
sounds. These written responses were then examined and coded resulting in nine 
variables being created, such as mentioning a memory, writing in the first person, 
mentioning nature and positivity of written comment. Mean sound ratings were 
then compared between responses that did and did not match the variables.  
Results: Nature-sounds received higher sound ratings than non-nature-sounds and 
they generated more positive comments. The presence of the above variables also 
resulted in higher sound ratings overall for the nature-sounds than the non-nature 
sounds, with the use of positive emotive words, mentioning a memory and 
mentioning nature having the biggest effects.  
Conclusion: The results suggest some support for both stress reduction and 
attention restoration, as well as highlighting a possible role for positive affect and 
memories that seems to be linked more with nature than non-nature-sounds. This 
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may support the use of nature and nature-sounds in individualised therapeutic 
interventions that may generate positive emotions, process negative ones, 
broaden mindsets and, facilitate stress reduction and attention restoration.  
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Part 1 Research – Empirical Paper 
 
Sounds of nature: what influences judgements of nature-based and non-nature-
sounds? 
Abstract 
 
Objectives: This study aims to replicate previous findings that nature-sounds are 
preferred over non-nature-sounds. It also aims to explore possible links between 
any feelings or thoughts that sounds evoke in individuals and how they then rate 
those sounds, and how these might link to current theories of stress reduction and 
attention restoration. 
Method: Using a questionnaire design, 104 participants listened to three nature-
based and three non-nature-sounds. They were then asked to rate the sounds and 
invited to describe thoughts and feelings that came to mind whilst listening to the 
sounds. These written responses were then examined and coded resulting in nine 
variables being created, such as mentioning a memory, writing in the first person, 
mentioning nature and positivity of written comment. Mean sound ratings were 
then compared between responses that did and did not match the variables.  
Results: Nature-sounds received higher sound ratings than non-nature-sounds and 
they generated more positive comments. The presence of the above variables also 
resulted in higher sound ratings overall for the nature-sounds than the non-nature 
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sounds, with the use of positive emotive words, mentioning a memory and 
mentioning nature having the biggest effects.  
Conclusion: The results suggest some support for both stress reduction and 
attention restoration, as well as highlighting a possible role for positive affect and 
memories that seems to be linked more with nature than non-nature-sounds. This 
may support the use of nature and nature-sounds in individualised therapeutic 
interventions that may generate positive emotions, process negative ones, 
broaden mindsets and, facilitate stress reduction and attention restoration.  
Key words: Nature, sound, preference, connectedness, nostalgia, mental health. 
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1. Introduction 
1.1. Current literature 
There is significant interest in the connection between natural environments and 
their impacts on our emotional, mental and physical well-being. Natural 
environments like forests and beaches are not only often perceived as pleasant 
and enjoyable but have also been linked to improved mental health and well-being 
(Berto, 2014; Bowler, Buyung-Ali, Knight, & Pullin, 2010; Bratman, Hamilton & 
Daily, 2011). Mayer, McPherson Frantz, Bruehlman-Senecal, and Dolliver (2008) 
found that just 15 minutes walking in a natural setting verses an urban setting, 
increased participants connectedness to nature and their positive emotions. 
Barton and Pretty (2010) found that exercising in green spaces improved self-
esteem and mood when compared to other settings. Access to green spaces have 
also been shown to act as a buffer to life stresses, supporting good mental and 
physical health (van den Berg, Maas, Verheij, & Groenewegen, 2010), and were 
associated with lower levels of symptoms of depression, anxiety and stress (Beyer, 
Kaltenback, Szabo, Bogar, Nieto, & Malecki, 2014).  
Much of the existing experimental literature on the psychological benefits of 
exposure to natural environments focuses on measuring the impacts of visual 
aspects of nature. Although there are benefits from viewing the natural world in 
real life (Berto, 2005), via pictures (Brown, Barton, & Gladwell, 2013), and as 
simulations (Kjellgren & Buhrkall, 2010), there are some drawbacks to using visual 
stimuli: it can require equipment that may be cumbersome or not readily available. 
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It requires the capacity to see, and it also impacts on experimental study design 
(i.e. it may be problematic to require individuals to look at images at the same time 
as carrying out another task). By contrast there has been comparably less research 
focusing on the sounds of nature.  
Literature that does explore the impact of nature sounds, indicates some possible 
positive, healing and restorative effects: Largo Wright, O’Hara and Chen (2016) 
found a significant beneficial effect on muscle-tension, pulse rate and self-reported 
stress; Annerstedt, Jonsson, Wallergard, Johansson, Karlson, Grahn,… & Wahrborg 
(2013) found that after induced stress, combining a virtual reality natural 
environment with congruent sounds aided recovery faster than without sound, or 
sitting in a waiting room; and playing natural sounds to participants after a stressful 
arithmetic test aided skin conductance level recovery faster than road noise 
(Alvarsson, Wiens & Nilsson, 2010). Several studies have also found a positive 
impact of nature sounds on the anxiety, agitation and pain levels of hospital 
patients (Aghaie, Rejeh, Heravi-karimooi, Ebadi, Tayeb Moradian,… & Jasper, 2014; 
Cutshall, Anderson, Prinson, Wentworth, Olney, Messner,… & Bauer, 2011; Diette, 
Lechtzin, Haponik, Devrotes & Rubin, 2003; Peter & Sams, 2016). However, these 
studies tend to focus on proving that natural sound leads to positive effects, rather 
than investigating the mechanisms by which these benefits occur, or advancing the 
current theories about how nature sounds might be beneficial.  
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1.2. Theoretical underpinnings 
Much of the current research on the psychological benefits of nature focuses on 
two popular theories that are often cited to explain the positive effects of nature: 
Kaplan and Kaplan’s (1989) theory, which places an emphasis on the restoration of 
cognitive processes, specifically attention (Attention Restoration Theory (ART)); 
and Ulrich, Simons, Losito, Fiorito, Miles and Zelson (1991) who proposes a stress 
reduction theory, whereby natural environments induce positive emotions which 
naturally reduce feelings of stress (Stress Reduction theory (SRT)).  
1.2.2. Attention restoration theory 
Kaplan and Kaplan (1989) suggest that sustained and effortful attention can lead 
to fatigue. They propose that a phenomenon they termed “soft fascination” can 
help to restore attention, by drawing it involuntarily to interesting but non-taxing 
elements of natural environments. However, a criticism of this theory is that it is 
often difficult to map it onto research, due to a difficulty defining and measuring 
attention fatigue (Ohly, et al. 2016). Various studies have tried different 
methodologies to examine this with varying success, although there is evidence 
that nature environments lead to improved attention, both for visual and aural 
elements. This has been shown by improved performance in the Digit Scan Forward 
and Backward tests and the Trail Test B (Berman, Jonides & Kaplan, 2008; Felsten, 
2009; Hale, Hoeppner & Fiorello, 2002; Herzog, Black, Fountaine & Knotts, 1997; 
Kaplan & Berman, 2017; Mayer, et al., 2008; Ratcliffe, Gatersleben & Sowden, 
2013). 
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1.2.3. Stress reduction theory 
This theory is based on the assumption that as humans evolved, we developed a 
physiological stress response to dangerous situations, such as when predators 
might be present (the activation of the sympathetic nervous system which 
prepares the body to respond). This stress response increases the likelihood that 
an individual will react fast enough to remain alive. However, this stress response 
is costly as it uses up energy quickly, and if sustained it can have a negative impact 
on health and well-being. Therefore, if an individual adapted to recognise a safe 
natural environment that provided means of shelter and energy replenishment, it 
may result in stress reduction and restoration. Ulrich et al., (1991) suggest that as 
we evolved in natural environments, it makes sense that we continue to find 
particular safe environments more calming and pleasant than urban ones for which 
we have yet to develop these responses. As the urban world has developed at such 
a speed, there has not been enough time for evolution to select appropriate 
adaptations, that may in the future allow us to obtain restorative effects from 
relative urban environments. Ulrich et al’s., (1991) theory could explain why some 
nature sounds appear to have a positive impact on physiological measures, as well 
as impacting feelings of anxiety and agitation (Annerstedt, et al., 2013; Saadatman, 
Rejeh, Heravi-Karimooi, Tadrisi, Zayeri, Vaismoradi & Jasper, 2013). However, 
criticisms of this theory include the difficulty in separating threatening from 
unthreatening nature as they are often combined, and that it seems obvious that 
threatening environments will lead to stress, and unthreatening ones will reduce 
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this. Questions are also asked about how exactly neural mechanisms have been 
able to do this if unthreatening nature covers such a broad category, how have our 
brains generalised these particular natural environments that are resource-filled, 
to all natural settings? Joye & van den Berg, (2011) offer a different perspective, in 
that stress reduction and attention restoration are by-products of fluent 
perceptual processing. They suggest that unthreatening natural environments are 
visually processed and organised more easily than threatening ones, due to the 
lack of stimuli that requires further attention because of its perceived threat. 
Positive affect has been shown to accompany this process due to the lack 
threatening stimuli identified which would hinder the perceptual processing 
(Reber, Schwarz & Winkielman, 2004). 
1.3. Study rationale 
The theories discussed above seem to lack focus on the individual and their 
differences. They focus on impersonal and universal explanations for nature’s 
benefits, and do not address more holistic aspects that might be at play. Although 
ART provides a space for wandering thoughts it does not address personal 
experiences, previous exposure to particular types of natural environment, and 
how these might influence the impact that different sounds might have. And while 
SRT includes emotion in its explanation, by way of fear response and preference of 
calm natural places, this remains a universal response rather than a unique and 
personal one. The perspective taken by Joye and van den Berg (2011) also focuses 
on a universal process and specifically includes visual aspects of natural settings to 
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explain benefits (the mathematical fractal characteristics often found in nature), 
which would not explain the benefits found in sounds. 
There is however, an increasing body of literature that has recognised that 
different people may prefer different sounds (Diette, et al., 2003; Peter & Sams, 
2016) and that different sounds might lead to different responses. Ratcliffe, 
Gatersleben and Sowden (2016) found that different types of birdsong resulted in 
associations with different environments, behaviours, and perceived restoration 
effects. Cerwén, Pedersen and Palsdottir (2016) found that positive personal 
experiences were frequently associated with natural sounds (such as water and 
wind), and that an individual’s perception of the sounds in their environment 
impacted on feelings of restoration. Following on from this, Gould van Praag, 
Garfinkel, Sparasci, Mees, Philippides, Ware, … Critchley (2017) found that familiar 
sounds had a positive effect on attention tasks, and that natural familiar sounds 
were rated as more pleasant, and less intense and distracting than non-natural 
familiar sounds. It may be that familiar sounds trigger personal associations or 
memories that affect how people perceive the sounds they hear, suggesting that 
the emotional connection one has with a particular sound might be important 
when considering its stress relieving properties.  
There may also be practical reasons for using an audio instead of a visual format, 
in that natural sounds may only require a personal audio device that people may 
already have. They can be used by individuals with sight problems (although 
admittedly not hearing problems), and they can be used whilst an individual is 
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engaged in a number of activities that would prevent them from looking at images. 
Therefore, conducting research on the benefits of nature-sounds may provide 
further evidence for practical opportunities to support both physical and mental 
well-being. 
1.3.1. Variable and sound choice 
If familiar sounds are preferred, it may be that our childhood experiences might 
impact on how we perceive certain environments, including natural ones. Both 
studies by Engemann, et al. (2018) and Preuss, et al. (2019) found that adults who 
had had more exposure to natural environments as children, enjoyed better 
mental health. They also found that those with low exposure during childhood 
rated the importance of natural environments lower than those with high 
childhood exposure. It may be that those with less exposure had fewer 
opportunities to develop positive memories in natural environments, reducing the 
benefit they gain from those settings in later life, and the motivation to engage in 
them. Exploring the link between sounds heard, the memories they stimulate and 
the emotional connection we may have, may offer a better understanding of how 
and why we are drawn to and benefit from different natural environments and 
sounds. It may also offer suggestions about how to maximise benefits from nature-
based interventions and for effective ways to incorporate nature into therapeutic 
settings. Taking this into account, along with earlier discussed research, a number 
of links have emerged that will be used to examine participants’ responses to 
various nature-sounds in this study: memories elicited, use of emotional language 
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and positivity of responses to sound. These are discussed further in section 3.6. 
below. 
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2. Objectives 
So far there have been no studies to specifically compare how people perceive 
natural versus non-natural sounds, with the personal associations that they have 
for an individual (memories, experiences, and what it evokes in them). This study 
therefore aims to examine personal associations and people’s perceptions of 
sounds to better understand how emotional responses may be linked to natural 
sounds. This study uses open questions to promote personalised responses so that 
in future studies common themes can be used to develop specific questions that 
are evidenced based. These may then guide individualised interventions and 
further develop current therapeutic approaches so that they may be more 
effective in reducing stress and increasing the experience of positive emotion. Such 
interventions using sound may also be cheap, useful in a wide range of settings, 
and easy to administer, all of which are likely to be welcome in the current NHS 
climate. 
This study aims to initially replicate previous findings that indicate that individuals 
prefer nature-sounds over non-nature-sounds. It will then aim to explore any 
differences or common themes in the thoughts, feelings or memories that nature-
sounds evoke, when compared to non-nature-sounds.  
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2.1. Research questions and hypotheses 
Question one: Do people rate nature-sounds more positively than non-nature-
sounds?  
  Question 1a. Are the ratings of the nature-sounds higher    
  than those of the non-nature-sounds? 
  Question 1b. Are the written responses for the nature-sounds more  
  likely to be positive than for the non-nature-sounds? 
Hypothesis one: Nature-sounds will be rated more positively than non-nature-
sounds, both via the rating scales and the content of written responses. 
Question two (exploratory): What themes/variables emerge when participants 
are asked what they think about and how they feel when they listen to each sound? 
  Question 2a. Is there a difference in the presence of any emerging  
  themes/variables between the nature-based and non-nature-based  
  sounds? 
Question three (exploratory). How does the presence of any identified or emerged 
themes/variables effect the affective ratings? 
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3. Method 
3.1. Sample 
One hundred and four Participants were recruited via direct email and electronic 
messaging (emails were sent to everyone on the University of Surrey mailing list, 
and all personal contacts) asking them to take part. Links to the survey (created 
with Qualtrics, Provo, UT) were also posted on public social media platforms and 
on websites advertising surveys and questionnaires. Participants recruited this way 
are considered to be self-selected in terms of their participation. The mean age of 
participants was 34.5 years with a range of 19 to 74 years, 59.6 % were female and 
1.9 % were undisclosed or non-binary, 56 % were educated at or above 
undergraduate degree level, and 95.2 % of participants stated that English was 
their first language. This sample has a higher education level than the general 
population, with approximately 32 % of adults in the UK having completed a 
university degree (www.statistica.com, 2018). Ninety-two percent of those that 
completed the 2011 census reported English as their first language, which is similar 
to the sample percentage (www.ons.gov.uk, 2013).  
Participants were informed that they would be placed into a prize draw for a £25 
voucher, of which there were eight to give away. The size of this prize and chance 
of winning was judged to be such that it would unlikely result in the sole motivation 
for taking part in the study. 
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3.2. Procedure 
A mixed-methods design with an online questionnaire was used in this study. Once 
participants had chosen to complete the online survey they were directed to the 
information sheet that detailed the study and its requirements (see Appendix 1). 
They were also asked to complete a consent form (see Appendix 2) and provide 
information relating to the inclusion criteria (being aged over 18 years old) and 
exclusion criteria (not having a hearing problem that would prevent them hearing 
the sounds). The information provided here was assumed to be truthful, as 
indicated in the information form. Participants were then reminded that the study 
required the use of speakers or headphones and they were given instructions to 
listen to each sound whilst paying attention to the images, thoughts, memories 
and feelings that came to mind or they experienced during each sound, as they 
would be asked to write about these. Participants then heard a sound which played 
for a minute before being asked to 1) rate the sounds and 2) make a note of “What 
came into your mind as you were listening to the sound? Please describe any 
feelings, thoughts, memories or images that you noticed whilst you were listening 
to the sound” (the order of these two sections were randomised). This process was 
then repeated in random order until all six sounds had been rated. Then 
participants were asked to provide some basic demographic information including 
gender, age and education level. They were also provided with an opportunity to 
leave a comment or question, were reminded of the researchers contact details 
and were provided with a space to leave their email address for the prize draw. 
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Participants were then thanked for their time and informed that that survey was 
over (see Appendix 3 for survey).  
Ethical approval to proceed was obtained from the Health and Medical Sciences 
Ethics Committee at the University of Surrey (reference number: FT-PSY-490-17) in 
November 2017 (see Appendix 4).  
3.3. Experimental sounds 
Six sounds were chosen: three nature-based and three man-made. Sounds were 
chosen that: seemed to have similar properties and that were all fairly consistent 
in their sound structure; that were repetitive; and that were minimally polluted by 
other sounds (examples of this were voices in the background of train recordings 
or sounds of birds during recordings of wind in the trees). This was so that a 30 
second section could be selected to be inserted in an online questionnaire, and to 
minimise the chance that sounds other than those identified might be impacting 
on the results. This was done via the experimenter listening to sounds and making 
judgments based on the sound’s audio quality, and via the frequency profile image 
provided by the website that the sounds were obtained (http://www.freesound.org). 
This image was used to select a section with the most consistent structure. Volume 
was adjusted before each sound clip was inserted into the questionnaire to 
homogenize sound intensity across the different clips.  
The types of sounds chosen were based on previous research which have 
commonly used water and wind sounds for their nature-sounds (Barton, 2019). 
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These are also familiar sounds, which as mentioned previously appear to lead to 
more beneficial effects. To match these, non-nature-sounds that are likely to be 
familiar to those living in the UK were chosen, that also met the criteria described 
above. 
3.4. Description of sounds 
Wind 
The sound of moderate wind through tall trees; some change in intensity as the 
gusts come and go. 
https://freesound.org/people/patchen/sounds/17546/ by user Patchen 
Sea 
A fairly strong sound of the waves crashing on the shore. 
https://freesound.org/people/inchadney/sounds/326963/ by user Inchadney 
Rain 
The sound of the rain hitting vegetation from inside a shelter; some thunder in the 
background. 
https://freesound.org/people/jmbphilmes/sounds/200272/ by user Jmbphilmes 
People 
The sound of many people talking inside a building; no other sounds heard. 
https://freesound.org/people/ken788/sounds/386761/ by user Ken788 
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Motorway 
A rhythmic sound of cars on a motorway moving fast from left to right. 
https://freesound.org/people/monotraum/sounds/208502/ by user Monotraum 
Train 
The sound from inside a train of the rhythmic movement along the tracks. 
https://freesound.org/people/YOH/sounds/170866/ by user YOH 
The sounds were obtained from https://freesound.org. They were all free to use 
and licence conditions have been met by attributing the authors of each sound 
according to their Freesound user name (see Appendix 5). 
A pilot run with ten participants (who were not included in the final results) was 
conducted to test the clarity of the online questionnaire. This resulted in changes 
to the layout of the initial pages explaining the procedure of the questionnaire.  
3.5. Outcome measures – affective sound rating 
Each sound was rated on a ten-point analogue scale on five dimensions: not 
pleasant to pleasant, not relaxing to relaxing, not boring to boring, not exciting to 
exciting and not stressful to stressful (see Appendix 3).  Relaxing, boring, exciting 
and stressful were chosen as they represent concepts that oppose each other on 
the circumplex model of affect (Posner, Russell, & Peterson, 2005). Pleasantness 
was also included as a measure that is neither high or low arousal, but also to 
replicate previous studies and allow comparisons across the sounds of their 
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perceived pleasantness. As excitingness and stressfulness represent both positive 
and negative high arousal states, and boringness and relaxingness represent the 
low arousal states, only excitingness and relaxingness have been examined in this 
study. This aims to support a more coherent narrative to be developed and 
attempts to address the criticism that is levied at carrying out large numbers of t-
tests.  
3.6. Coded themes/variables 
Qualitative responses given by the participants were coded into dichotomous 
variables (‘yes’ or ‘no’), by way of content analysis (Cole, 1988), with both 
deductive methods (prior to data being collected) and inductive methods 
(following collection of data) being used (Elo & Kyngas, 2007). Previously identified 
categories were created along with specific definitions (see description below and 
Appendix 6. for details on variable definitions) and all responses were coded 
accordingly.  
The deductive method was used due to previous research identifying that 
emotions connected to past memories can influence current emotions (Buchanan, 
2007), and that most adults identify their most significant childhood place with the 
outdoors (Sebba, 1991). Therefore, two categories were included for coding from 
the start based on this research: referencing a memory and using emotive words. 
A further category was also included to rate the content of the responses for 
positivity or negativity. Upon reading the responses, this category was widened to 
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include neutral responses (“neutral”) and responses that contained both positive 
and negative content (“mixed”).  
Using the inductive method, responses were read whilst notes were made 
regarding themes or observations, so that any patterns or categories that had not 
previously been considered could be identified, addressing Question 2. Following 
this, all responses were then read again and coded according to the new categories 
(details discussed in section 4.2.).  
The deductive and inductive categories identified were used to create new 
variables that were included in the SPSS data file for further analysis. These 
variables were included as yes/no responses to the following questions: Does the 
response: Include any mention of nature?; Include only positive words?; Only 
negative words?; Both positive and negative words?; Only neutral words?; Include 
at least one word associated with emotions?; Explicitly mention a memory?;  Is the 
response written in the first person? and, does the response include a description 
of an image or scene?  
3.7. Interrater reliability 
Table 1. Kappa analyses and agreement level statistics between two raters for 20 random participants 
Variable Kappa Sig Agreement level 
Nature combined .788 <. 001 Substantial agreement 
Positive response .835 <. 001 Almost perfect agreement 
Negative response .742 <. 001 Substantial agreement 
Both positive and negative .648 <. 001 Substantial agreement 
Neutral response .717 <. 001 Substantial agreement 
Emotive language .785 <. 001 Substantial agreement 
Memory .427 <. 001 Moderate agreement 
First person .766 <. 001 Substantial agreement 
Image .892 <. 001 Almost perfect agreement 
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Variable Interrater reliability was assessed via an independent individual, rating 20 
randomly chosen participants (chosen by SPSS), across all six sounds according to 
the variable definitions (see table 1 which shows the statistics and significance 
results for the kappa analysis for all variables). All variables achieved a substantial 
or almost perfect agreement level between the two raters, except for memory 
(following guidelines by Landis & Koch, 1977). When this was examined further it 
was noted that rater one (the author) was much more likely to code the memory 
variable as ‘don’t know’, when rater two (research assistant) was more likely to 
code these as either ‘yes’ or ‘no’. This suggests that the memory variable is 
somewhat unreliable, although rater one was more cautious by only coding ‘yes’ 
when it was explicitly mentioned that a memory was triggered. Therefore, analysis 
carried out on the memory variable should be viewed with caution. Differences in 
rater response for the other variables seemed to be largely due to rater two being 
unclear on the definitions, or making mistakes (as indicated by discussions 
between raters). 
3.8. Analyses 
Data was entered into, and analysed with, IBM SPSS (version 24, 2016). Before 
conducting analyses, assumptions of normality and homogeneity of variance were 
tested and were found to meet the assumptions. This was carried out on the 
ratings of each sound via histograms and a Shapiro-Wilks test. Although the 
Shapiro-Wilks test provided significant results for all the sounds, the Q-Q plots 
showed clear diagonal data points, with only minor deviations, which was also 
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supported by the histograms (see Appendix 7). This was further to sphericity 
assumptions being met when an ANOVA was conducted on the rating scales across 
the sounds, with the Mauchly’s test indicating that the variances of the differences 
between the levels were equal: χ2 (14) = 21.11, p = .09, with statistically significant 
differences between means: F(5,525) = 39.24, p = .000. 
Data was analysed via a series of t-tests to explore the differences between nature 
and non-nature sounds, and the presence the variables had on the sound ratings. 
Welch’s t-test was used in all cases due to differing sample sizes, as this has been 
shown to perform better and reduce the risk of a type one error (Moser & Stevens, 
1992). The bootstrapping function was used in these cases to minimise the 
likelihood of a type two error (Field, 2013). Bonferroni corrections were also used 
to counteract the possible effects of repeated t-tests. 
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4. Results 
 
4.1. Question one: Do people rate nature-based continuous sounds more 
positively than non-nature-based continuous sounds? 
To answer this, both the sound rating scores and the positivity of the written 
responses of the collective nature-sounds and the collective non-nature-sounds 
were examined and compared, via question 1a and 1b below. All nature-sounds 
and non-nature-sounds were combined into their respective groups and analysed 
together as this is in line with previous research and presents the most concise 
narrative when analysed.  When individual sounds were examined the power was 
reduced beyond a meaningful level and the detail required to extract a coherent 
narrative would be too lengthy. 
 4.1.1. Question 1a. Are the affective ratings of the nature-sounds   
 higher than those of the non-nature-sounds?  
When comparing all nature-sounds with all non-nature-sounds, Independent-
samples t-tests indicated that all ratings of the nature-sounds were higher than 
non-nature-sounds (pleasantness: t=(640) 9.11, p <.001, Cohen’s d=.7); 
relaxingness: t=(640) 9.488, p <.001, Cohen’s d=.8);  excitingness: t=(640) 3.513, p 
<.001, Cohen’s d=.3); (means and standard deviations of combined sound ratings 
for all sounds, nature-sounds and non-nature-sounds are displayed in table 2). 
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Table 2. Means and SDs of sound ratings, for all sounds, nature-based and non-nature-based sound groups 
 
 4.1.2. Question 1b. Are the written responses for the nature-sounds  
 more likely to be positive than for the non-nature-sounds?  
Table 3. Frequencies and percentages of positivity of written responses to sounds 
 
 
 
 
 
 
Analyses were carried out to examine whether there were differences between 
the numbers of positive only, negative only, mixed or neutral responses when 
comparing nature-based to non-nature-sounds. When nature-sounds were 
compared to non-nature-sounds, a Chi Square analysis indicates a strong 
association between sound type (nature or non-nature) and the presence of 
positive only responses χ2 (1) = 9.913, p =.002. There was no statistically significant 
 All sounds combined 
(n=642) 
All nature-sounds 
(n=321) 
All non-nature-
sounds (n=321) 
 Mean 
(SD) 
Mean 
(SD) 
Mean 
(SD) 
Pleasantness 
5.45 6.32 4.59 
(2.57) (2.66) (2.15) 
Relaxingness 
5.19 6.15 4.23 
(2.73) (2.78) (2.32) 
Excitingness 
4.62 4.94 4.29 
(2.37) (2.42) (2.28) 
 
 
 All nature-sounds 
(n=321) 
All non-nature-sounds 
(n=321) 
 Frequency 
(percentage) 
Positive only responses 
75 
(23.4) 
44 
(13.7) 
Negative only responses 
46 
(14.3) 
52 
(16.2) 
Mixed responses 
15 
(4.7) 
9 
(2.8) 
Neutral responses 
144 
(44.9) 
184 
(57.3) 
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association indicated for negative only responses (χ2 (1) = 4.34, p = .51) or mixed 
responses (χ2 (1) = 1.558, p = .21), but there was a strong association between 
sound type and neutral responses χ2 (1) = 9.974, p =.002), in that the non-nature-
sounds prompted more neutral responses than nature-sounds (percentages and 
frequencies of positivity of responses to nature-based and non-nature-sounds can 
be found in table 3). 
When looking at the nature-sounds collectively, the results indicate that the 
hypothesis one appears to be supported. People rated the nature-sounds more 
positively, and also wrote more positive responses when compared to non-nature-
sounds.  
4.2. Question two: What themes/variables emerge when participants are asked 
what they think about and how they feel when they listen to each sound? 
Three new deducted categories emerged following the examination of the written 
responses: describing an image, responses written in the first person and 
mentioning nature. Describing an image: some responses included details that 
referenced visual images (e.g. “Image of a busy train station full of people”), 
whereas others either only referenced emotions (e.g. “I felt a bit irritated”) or 
wrote nothing. There is evidence that some people are able to vividly imagine 
images in their mind, whereas others are not (Zeman, Dewar & Della Sala, 2015). 
Mental imagery has been defined as “representations and the accompanying 
experience of sensory information without a direct stimuli” (Pearson, Naselaris, 
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Holmes & Kosslyn, 2015, p. 590) and are viewed as being closely linked to 
memories. Mental imagery has also been shown to amplify emotional responses 
to memories or imagined scenarios (Holmes, 2009) and can influence how we 
perceive other stimuli (Pearson et al., 2015). Therefore, this variable was included 
to examine any possible impact that a reference of a visual image might have on 
the sound ratings. Writing in the first-person: Research also shows that encoding 
or recalling memories in the first or third person can influence how we remember 
and connect to them (Bergouignan, Nyberg & Ehrsson, 2014) and the intensity of 
the emotions experienced when recalled (Bernsten & Rubin, 2006). The variable 
measuring whether the responses were written in the first person or not was 
included to examine the possible effect this may have had on the ratings people 
gave to the sounds. Mentioning nature: some participants wrote about nature 
explicitly in their responses (e.g. “I saw trees whipping about in the wind”) 
compared to (e.g. “static on a TV”), despite listening to the same sound. This 
variable was included to explore the impact thinking about nature might have on 
sound ratings, compared to those that did not, regardless of the actual origin of 
the sound. 
4.2.1. Question 2a. Is there a difference in the presence of any identified or 
emerged themes/variables between the nature-based and non-nature-sounds? 
When nature-sounds are compared to non-nature-sounds, a Chi Square analysis 
indicates a strong association between sound type (nature or non-nature) and 
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mentioning nature: χ2 (1) = 245.863, p <.001. There was also a strong association 
between sound type (nature or non-nature) and using emotional words: χ2 (1) = 
6.911, p =.009. There was no association between sound type (nature or non-
nature) and mentioning a memory: χ2 (1) = 2.857, p =.240, writing in the first 
person: χ2 (1) = .006, p =.936, or describing an image: χ2 (1) = .009, p =.923. So 
overall, nature-sounds did not appear to affect reported memories, first person 
responses, or the use of images, but they did generate more mentions of nature 
and the use of emotive words (see Table 4 which provides frequencies and 
percentages of presence of coded variables other than positivity, for all sounds, 
nature-sounds and non-nature-sounds).  
Table 4. Frequencies and percentages of coded variables that were present in the responses (other than the 
  positivity variables) 
 
In summary, three new variables emerged from the data: describing an image; 
writing in the first person and mentioning nature. Nature was mentioned more 
often following nature-sounds. But there was no difference in the presence of the 
 Nature-sounds Non-nature-sounds All sounds combined 
Yes No Don’t 
know 
Yes No Don’t 
know 
Yes No Don’t 
know 
Nature 
mentioned 
219 
68.2% 
102 
31.8% 
- 26 
8.1% 
295 
91.9% 
- 245 
38.2% 
397 
61.8% 
- 
Emotive 
words 
132 
41.1% 
189 
58.9% 
- 100 
31.2% 
221 
68.8% 
- 232 
36.1% 
410 
63.9% 
- 
Memory 
57 
17.8% 
178 
55.5% 
86 
26.8% 
56 
17.4% 
160 
49.8% 
105 
32.7% 
113 
17.6% 
337 
52.6% 
191 
29.8% 
First person 
131 
40.8% 
190 
59.2% 
- 132 
41.1% 
189 
58.9% 
- 263 
41% 
379 
59% 
- 
Image 
253 
78.8% 
68 
21.2% 
- 252 
78.5% 
69 
21.5% 
- 505 
78.7% 
137 
21.3% 
- 
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other two variables. Memories were mentioned just as often in both sound 
categories, but emotive words were used more after listening to nature-sounds. 
4.3. Question 3. How does the presence of these coded variables effect the 
affective ratings? 
Further Independent t-tests were carried out to examine whether affective ratings 
of the sounds differed between respondents who did or did not write responses: 
in the first person, using images, using emotive words, mentioning a memory or 
mentioning nature. The analyses below were first carried out on all nature-based 
and non-nature-sounds combined. Following this, analyses were conducted on 
nature-based and non-nature-sounds separately to test for differences between 
sound categories. For raw data see Table 15 in Appendix 8. 
4.3.1 Writing in the first person 
Table 5 shows the test statistics (means, standard deviations and t-test 
significance, with statistically significant results highlighted) for comparisons of 
means sound rating scores for those that wrote in the first person, to those that 
didn’t. It shows that those who wrote in the first person rated the sounds as 
(statistically) significantly more pleasant and relaxing, when combined. However, 
when broken down, for nature-sounds this was only true for the relaxing rating and 
for non-nature-sounds it was only true for the pleasant rating. It should be noted 
that although statistically significant, some of the differences between groups are 
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small (example .52) which, on a scale from zero to ten, may not represent a 
meaningful difference between the groups in a real-world setting.  
Table 5. Independent t-tests comparing mean rating scores for responses written in the first person or not. 
 
Rating 
Written 
in the 
first 
person? 
N Mean SD T Sig. Levene’s 
Effect 
Size 
(d) 
All 
sounds 
Pleasant Yes 263 5.76   2.59 2.512 .012* 308 0.2 
 No 379 5.24 2.531     
Relaxing Yes 263 5.52 2.729 2.554 .011* .458 0.2 
 No 379 4.96 2.711     
Exciting Yes 263 4.83 2.435 1.829 .068 .195  
 No 379 4.47 2.313     
Nature Pleasant Yes 131 6.61 2.65 1.606 .109 .579  
  No 190 6.13 2.66     
 Relaxing Yes 131 6.58 2.599 2.363 .019* .03* 0.3 
  No 190 5.85 2.867     
 Exciting Yes 131 5.18 2.465 1.466 .144 .269  
  No 190 4.78 2.373     
Non-
nature 
Pleasant Yes 132 4.92 2.24 2.002 .021* .222 0.3 
 No 189 4.35 2.05     
Relaxing Yes 132 4.47 2.441 1.503 .134 .126  
 No 189 4.07 2.215     
Exciting Yes 132 4.47 2.362 1.466 .251 .457  
 No 189 4.17 2.215     
*p ≤ .05, ** p ≤ .01, *** p ≤ .001  
 
 4.3.2. Mentioning emotive words  
Table 6 shows the means, standard deviations and t-test statistics following 
comparisons of mean sound ratings for those that used emotive words in their 
responses to those of those that didn’t. It indicates that people that used emotive 
words did not rate the sounds any differently to those that did not use emotive 
words. This was also true when the sounds were separated into nature-based and 
non-nature-based groups, even though more people used emotive words in the 
nature-sounds group (41.1% compared to 31.2%: Table 4). This indicates that 
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although participants were more likely to use emotive words after listening to a 
nature-based sound, using them did not impact on how the sounds were rated. 
Table 6. Independent t-tests comparing mean rating scores for responses including emotive words or not. 
 
Rating 
Include 
emotive 
words? 
N Mean SD T Sig. Levene’s 
All sounds Pleasant Yes 232 5.49 3.004 .251 .786 <.001*** 
  No 410 5.43 2.288    
 Relaxing Yes 232 5.35 3.063 1.043 .298 <.001*** 
  No 410 5.10 2.522    
 Exciting Yes 232 4.59 2.648 .213 .823 <.001*** 
  No 410 4.63 2.198    
Nature Pleasant Yes 132 6.28 3.144 .232 .817 <.001*** 
  No 189 6.35 2.275    
 Relaxing Yes 132 6.30 3.084 .799 .425 <.001*** 
  No 189 6.04 2.549    
 Exciting Yes 132 4.86 2.751 .476 .634 <.001*** 
  No 189 5 2.156    
Non-nature Pleasant Yes 100 4.45 2.459 .704 .483 .002** 
  No 221 4.65 1.989    
 Relaxing Yes 100 4.09 2.547 .708 .480 .134 
  No 221 4.3 2.206    
 Exciting Yes 100 4.23 2.474 .137 .752 .047* 
  No 221 4.32 2.189    
*p ≤ .05, ** p ≤ .01, *** p ≤ .001 
 
Further analyses were conducted to examine the impact that positive and negative 
emotive words had on the sound ratings. Responses that were coded ‘yes’ for the 
use of emotive words were selected and then independent t-tests were conducted 
to compare the sounds ratings for those that were coded as ‘positive’ to those 
coded ‘negative’ (Table 7 shows the tests statistics, means, standard deviations 
and effect sizes). This shows that using positively emotive words is linked to 
significantly higher sound ratings for relaxingness, pleasantness and excitingness 
for all sounds, although the largest effect sizes resulted from the comparisons of 
the pleasant and relaxing ratings after listening to the nature-sounds. 
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Table 7. Independent t-tests comparing mean rating scores for negative and positive responses that included 
emotive words. 
 
 
 
 
4.3.3. Mentioning a memory 
Those participants that specifically referenced a memory (by writing something like 
“It reminded me of a time when”) rated the sounds as significantly more pleasant, 
relaxing and exciting (as seen by the means, standard deviations and t-test 
statistics in Table 8 below, which shows the comparisons of mean sound ratings 
for those that mentioned a memory in their responses and those that didn’t. 
Statistically significant results are highlighted). 
These results were then analysed again separately for nature-based and non-
nature-sounds. The same pattern was seen when participants specifically 
 
Rating Positivity N Mean SD T Sig. Levene’s 
Effect 
Size 
(d) 
All 
sounds 
Pleasant Pos 93 7.9 2.08 18.531 <.001*** .36 2.7 
 Neg 89 2.75 1.653     
Relaxing Pos 93 8.09 1.736 19.202 <.001*** .151 2.9 
 Neg 89 2.97 1.855     
Exciting Pos 93 5.62 2.562 5.846 <.001*** .470 0.9 
 Neg 89 3.49 2.351     
Nature Pleasant Pos 64 8.55 1.413 17.455 <.001*** .308 3.7 
  Neg 40 2.8 1.757     
 Relaxing Pos 64 8.59 1.244 16.341 <.001*** .006** 3.7 
  Neg 40 2.8 2.015     
 Exciting Pos 64 5.39 2.706 2.71 .008** .454 0.5 
  Neg 40 3.9 2.744     
Non-
nature 
Pleasant Pos 29 6.48 2.586 7.101 <.001*** .001*** 1.9 
 Neg 49 2.71 1.581     
Relaxing Pos 29 6.97 2.129 8.295 <.001*** .375 2.1 
 Neg 49 3.1 1.723     
Exciting Pos 29 6.14 2.167 6.088 <.001*** .485 1.5 
 Neg 49 3.16 1.94     
*p ≤ .05, ** p ≤ .01, *** p ≤ .001  
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mentioned a memory after listening to nature-sounds, but they only rated non-
nature-sounds more exciting when they mentioned a memory. 
Table 8. Independent t-tests comparing mean rating scores for responses referencing an emotion or not.  
 
Rating 
Reference 
a 
memory? 
N Mean SD T Sig. Levene’s 
Effect 
Size 
(d) 
All 
sounds 
Pleasant Yes 113 6.16 2.597 3.529 .001*** .587 0.4 
 No 338 5.16 2.636     
Relaxing Yes 113 5.74 2.802 2.585 .01** .840 0.3 
 No 338 4.96 2.811     
Exciting Yes 113 5.32 2.384 3.813 <.001*** .916 0.4 
 No 338 4.33 2.379     
Nature Pleasant Yes 57 7.46 2.147 4.320 <.001*** .002** 0.6 
  No 178 5.92 2.841     
 Relaxing Yes 57 7.04 2.405 3.177 .002** .005** 0.4 
  No 178 5.8 2.988     
 Exciting Yes 57 5.74 2.394 3.185 .002** .889 0.5 
  No 178 4.57 2.317     
Non-
nature 
Pleasant Yes 56 4.84 2.349 1.485 .141 .111  
 No 260 4.31 2.09     
Relaxing Yes 56 4.43 2.572 1.058 .293 .158  
 No 160 4.02 2.264     
Exciting Yes 56 4.89 2.317 2.31 .023* .911 0.4 
 No 160 4.06 2.309     
*p ≤ .05, ** p ≤ .01, *** p ≤ .001 
4.3.4. Describing an image 
Participants that described an image in their response rated the sounds as 
significantly more pleasant, relaxing and exciting than those that did not describe 
an image, for all sounds combined and nature-sounds. For non-nature-sounds, 
describing an image only resulted in greater exciting ratings (see Table 9 for means, 
standard deviations and t-test statistics for comparison of mean rating scores of 
sounds for those that described an image and those that didn’t. Statistically 
significant results are highlighted).  
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Table 9. Independent t-tests comparing mean rating scores for responses describing an image or not. 
 
Rating 
Describe 
an 
image? 
N Mean SD T Sig. Levene’s 
Effect 
Size 
(d) 
All 
sounds 
Pleasant Yes 505 5.58 2.515 2.209 .028* .594 0.2 
 No 137 5.01 2.716     
Relaxing Yes 505 5.31 2.679 2.045 .042* .298 0.2 
 No 137 4.75 2.879     
Exciting Yes 505 4.79 2.276 3.301 .001*** .009** 0.3 
 No 137 3.99 2.595     
Nature Pleasant Yes 253 6.43 2.588 1.25 .214 .152  
  No 68 5.94 2.911     
 Relaxing Yes 253 6.26 2.702 1.249 .215 .09  
  No 68 5.75 3.039     
 Exciting Yes 253 5.15 2.286 2.755 .007** .033* 0.4 
  No 68 4.16 2.724     
Non-
nature 
Pleasant Yes 252 4.71 2.124 2.172 .032* .954 0.3 
 No 69 4.09 2.161     
Relaxing Yes 252 4.36 2.295 1.869 .064 .657  
 No 69 3.77 2.346     
Exciting Yes 252 4.42 2.210 1.868 .065 .065  
 No 69 3.81 2.469     
*p ≤ .05, ** p ≤ .01, *** p ≤ .001 
4.3.5. Mentioning nature 
Table 10 shows data from t-test analyses comparing mean rating scores of those 
that mentioned nature in their responses to those that didn’t (statistically 
significant results highlighted). It indicates that those who mentioned nature rated 
the sounds as significantly more pleasant, relaxing and exciting than those that did 
not mention nature when looking at all sounds combined. When data was divided 
into nature-based and non-nature-sounds and analysed again, independent t-tests 
indicated that when participants mentioned nature after listening to nature-
sounds, they rated them as significantly more pleasant and exciting. None of the 
ratings were statistically significant in the non-nature-sounds condition, even 
though there is a difference of .73 between the exciting rating scores. This is likely 
to be due to the small size of the group that mentioned nature in response to non-
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nature-sounds (N=26). Further testing with adequate power would be required for 
this to be fully assessed. 
Table 10. Independent t-tests comparing mean rating scores according to references to nature  
 
Rating 
Mention 
nature? 
N Mean SD T Sig. Levene’s 
Effect 
Size 
(d) 
All 
sounds 
Pleasant Yes 245 6.33 2.55 6.995 <.001*** .139 0.6 
 No 397 4.91 2.427     
Relaxing Yes 245 6.16 2.649 7.281 <.001*** .781 0.6 
 No 397 4.6 2.61     
Exciting Yes 245 5.24 2.228 5.459 <.001*** .061 0.5 
 No 397 4.23 2.372     
Nature Pleasant Yes 219 6.53 2.535 1.99 .048* .042* 0.2 
  No 102 5.87 2.879     
 Relaxing Yes 219 6.36 2.637 1.864 .064 .011*  
  No 102 5.71 3.03     
 Exciting Yes 219 5.28 2.271 3.546 <.001*** .118 0.4 
  No 102 4.23 2.568     
Non-
nature 
Pleasant Yes 26 4.65 2.038 .177 .861 .549  
 No 295 4.58 2.157     
Relaxing Yes 26 4.46 2.121 .567 .575 .569  
 No 295 4.21 2.334     
Exciting Yes 26 4.96 1.843 1.887 .068 .019*  
 No 295 4.23 2.306     
*p ≤ .05, ** p ≤ .01, *** p ≤ .001 
Table 11 consolidates the above data by showing the size of the difference 
between the mean rating scores of responses that met criteria for each variable 
(“yes”) and those that didn’t (“no”), along with the statistical significance of the 
difference (test statistics are the same as those detailed above). 
Table 11. Differences between mean sound rating scores of responses “yes” and “no” for each coded variable 
  First person Memory Image Nature Emotive 
  Difference between mean ratings (significance)  
All sounds Pleasant .52(*) 1(***) .57(*) 1.42(***) .06 
 Relaxing .56(*) .78(**) .56(*) 1.56(***) .25 
 Exciting .36 .99(***) .8(***) 1.1(***) -.04 
Nature Pleasant .48 1.54(***) .49 .66(*) -.07 
 Relaxing .73(*) 1.24(**) .51 .65 .26 
 Exciting .4 1.17(**) .99(**) 1.05(***) -.14 
Non-nature Pleasant .57(*) .53 .62(*) .07 -.2 
 Relaxing .4 .41 .59 .25 -.21 
 Exciting .3 .83(*) .61 .73 -.09 
*p ≤ .05, ** p ≤ .01, *** p ≤ .001 
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Table 12 below shows the t-test statistics, means standard deviations and effects 
sizes for analyses conducted comparing nature to non-nature sounds across the 
variables. 
In summary, writing in the first person resulted in nature-sounds being rated as 
more relaxing and non-nature-sounds being rated as more pleasant. Mentioning a 
memory increased the pleasantness, relaxingness and excitingness of nature-
sounds and only the excitingness of non-nature-sounds. Describing an image led 
to increased ratings for pleasantness and excitingness of nature-sounds but did not 
impact on any ratings of non-nature-sounds. Mentioning nature increased the 
ratings of excitingness for nature-sounds and pleasantness for non-nature-sounds, 
and none of the ratings for either sound group were impacted by using emotive 
words. 
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Table 12. Independent t-tests comparing mean rating scores of nature and non-nature groups for all variables. 
 
Rating Group N Mean SD T Sig. Levene’s 
Effect 
Size 
(d) 
1st Person Pleasant Nature 131 6.61 2.653 5.591 <.001*** .07 0.7 
 Non 132 4.92 2.241     
Relaxing Nature 131 6.58 2.599 6.786 <.001*** .635 0.8 
 Non 132 4.47 2.441     
Exciting Nature 131 5.18 2.465 2.397 .017* .577 0.3 
  Non 132 4.47 2.362     
Mentioning 
a memory 
Pleasant Nature 57 7.46 2.147 6.178 <.001*** .350 1.2 
 Non 56 4.84 2.349     
Relaxing Nature 57 7.04 2.405 5.563 <.001*** .649 1.0 
 Non 56 4.43 2.572     
Exciting Nature 57 5.74 2.394 1.904 .059 .795  
 Non 56 4.89 2.317     
Describing 
an image 
Pleasant Nature 253 6.43 2.588 8.092 <.001*** <.001*** 0.7 
 Non 252 4.72 2.124     
Relaxing Nature 253 6.26 2.702 8.498 <.001*** .001*** 0.8 
 Non 252 4.36 2.295     
Exciting Nature 253 5.15 2.286 3.646 <.001*** .941 0.3 
 Non 252 4.42 2.21     
Mentioning 
nature 
Pleasant Nature 219 6.53 2.535 4.324 <.001*** .096 0.8 
 Non 26 4.65 2.038     
Relaxing Nature 219 6.63 2.637 4.187 <.001*** .13 0.8 
 Non 26 4.46 2.121     
Exciting Nature 219 5.28 2.271 .807 .425 .087  
 Non 26 4.96 1.843     
Emotive 
words 
Pleasant Nature 132 6.28 3.144 4.975 <.001*** <.001*** 0.7 
 Non 100 4.45 2.459     
Relaxing Nature 132 6.3 3.084 5.981 <.001*** .001*** 0.8 
 Non 100 4.09 2.547     
Exciting Nature 132 4.86 2.751 1.841 .067 .295  
 Non 100 4.23 2.474     
Positive 
emotive 
words 
Pleasant Nature 64 8.59 1.244 3.832 <.001*** .006** 1 
 Non 29 6.97 2.129     
Relaxing Nature 64 8.55 1.413 4.034 <.001*** <.001*** 1.1 
 Non 29 6.48 2.586     
Exciting Nature 64 5.39 2.706 1.422 .16 .177  
 Non 29 6.14 2.167     
Negative 
emotive 
words 
Pleasant Nature 40 2.8 2.015 .750 .455 .441  
 Non 49 3.1 1.723     
Relaxing Nature 40 2.8 1.757 .239 .811 .964  
 Non 49 2.71 1.581     
Exciting Nature 40 3.9 2.744 1.431 .157 .001***  
 Non 49 3.16 1.94     
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5. Discussion 
5.1. Sound ratings 
All nature-sounds were found to be rated more positively than all the non-nature-
sounds. This is congruent with other research which found that sounds of nature 
were rated as more arousing and pleasant (Medvedev, Shepherd & Hautus, 2015), 
as having more fascinating properties, and being more likely to be relaxing and 
restorative (Jahncke, Eriksson & Naula, 2015), when compared to non-nature-
sounds.   
5.2. Positive responses 
Overall, nature-sounds were linked with more positive written responses than non-
nature-sounds (with non-nature-sounds linked with more neutral responses). It is 
likely then, that sounds that are linked with positive thoughts and memories would 
translate to those sounds being rated as more appealing. This was the case in this 
study with further analysis showing that those who wrote positive responses and 
that used positive emotive words, gave the sounds higher ratings than those that 
wrote negative responses. This was more prominent for the nature based-sounds, 
therefore indicating a possible link between the nature-sounds, more positive 
thoughts and responses, and higher sound ratings. 
5.3. Coded variables 
The presence of all variables in written responses, except using emotive language, 
was associated with higher ratings for all sounds on all scales (pleasant, relaxing 
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and exciting), although only some of these differences have emerged as being 
statistically significant, albeit with relatively small effect sizes. Writing in emotive 
language did not result in clinical or statistically significant changes in the sound 
ratings. This may because the emotive words identified within the written 
responses were not themselves originally identified as positive or negative. Post-
hoc analyses examining this indicates that those that used positive emotive words 
rated all sounds more positively. The largest effect sizes were seen in the pleasant 
and relaxing ratings for the nature sounds. The prevalence of emotive words was 
also only one of two variables that differed between the nature and non-nature-
sounds (the other being if nature was mentioned). This study suggests that 
listening to nature-sounds may be associated with greater use of positive emotive 
language, that in turn is associated with higher sound ratings. 
More people understandably mentioned nature after listening to the nature-
sounds. This also resulted in significantly higher ratings for pleasantness and 
excitingness, with the latter resulting in the higher effect size. Mentioning a 
memory was associated with increased ratings for all nature-sounds, and the 
excitingness rating for non-nature-sounds. Thinking of a memory whilst listening 
to nature-sounds seems to be associated with more positive appraisals of the 
sounds than when doing so when listening to non-nature-sounds. However, as 
there are no significant differences between the frequency of responses that 
mentioned memories after each sound type, it is possible that the difference in 
sound ratings is due to the types of memories triggered when listening to nature-
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sounds. Another conclusion could be that nature-sounds induce higher affective 
ratings, that in turn evoke more positive memories. It is not clear from this study if 
one or both of these mechanisms may be at play. It should also be noted that the 
memory variable was the most difficult to code; it is therefore possible that 
responses were not coded as memories when in fact they were. This was because 
responses were only classified as memories if they included a reference such as: “I 
remembered….”; “I recalled a time…” or similar. Therefore, these analyses are best 
seen as representing the impact that specifically mentioning a memory might have 
on the sound ratings. Describing an image and writing in the first person resulted 
in more mixed results as they led to higher ratings for excitingness and relaxingness 
respectively, for the nature-sounds and to higher pleasantness ratings for non-
nature-sounds for both variables. Overall, it seems that the excitingness rating 
shows the greatest increase of the ratings, and mostly following listening to the 
nature-sounds. The variable to show the greatest impact on ratings is mentioning 
a memory, again especially when listening to nature-sounds, with mentioning 
nature also having an impact. 
5.4. Memories and positive emotions 
Mentioning a memory and using positive emotions seems to have had the largest 
impact on the sound ratings, especially after listening to nature sounds. Studies 
show that recalling positive autobiographical memories induces the positive 
feelings that are tied to the remembered events (Speer, Bhanji & Delgado, 2014), 
and that these types of memories are more likely to be rich and vivid, which in turn 
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increases the strength of the positive associated feelings (Schaefer & Philippot, 
2005; Talario, 2004). It may be that the nature sounds used in this study triggered 
more positive memories than the non-nature-sounds used, which may account for 
the increase in positive emotive words. This could be due to the types of places in 
which such sounds might be heard. For example, it may be that natural 
environments, such as the seaside or woodlands, are likely places to form positive 
memories, (perhaps as they are associated with holiday/leisure time) which come 
back to us when we hear these sounds (or spend time in the same environments), 
triggering us to feel more positive. If positive memories or emotions are more likely 
to be evoked from these sounds or places, then it makes sense that we are more 
likely to be more positively impacted by the experience. 
It may be that nostalgia plays a role when we consider some of the memories that 
might be triggered. Nostalgia is defined as “a sentimental longing or wistful 
affection for the past” (The New Oxford Dictionary of English, 1998). Nostalgia has 
historically been considered negatively (Anspach, 1934), although more recent 
research has identified it as being a positive and psychologically beneficial, 
adaptive process that seems to promote positive emotions. Qualitative research 
indicates that nostalgic accounts involve the self and are associated with positive 
emotions (both in terms of content of accounts and in the emotional responses 
experienced by raters of those accounts), references to people and references to 
momentous life events (Wildschut, Sedikides, Arndt, & Routledge, 2006). 
Wildschult et al., (2006) and Hepper, Ritchie, Sedikides and Wilschult (2012), also 
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found that recalling nostalgic events increased positive affect, positive self-regard 
and heightened social connectedness and interpersonal competence. When this is 
considered in the context of some of the themes that resulted in the coded 
variables in this study (positivity of response, evoking of memories and whether 
the response was written in the first person), it seems possible that nostalgia might 
play a role in relation to feeling positive about sounds. Perhaps if nature triggers 
positive memories from the past, the nostalgic elements of these memories might 
be responsible for some of the positive emotions seen in this study. Studies have 
shown that inducing nostalgic memories can be beneficial when individuals are 
faced with psychologically threatening experiences (e.g. loneliness and stress) 
(Wildschut et al., 2006). This may have implications when designing and delivering 
psychological interventions and maintaining mental well-being.  
However, when considering the impact that memories might have on mood, it is 
important to keep in mind the prospect that negative memories may also be 
triggered by particular sounds. Whilst negative emotive words were more 
commonly used following the non-nature-sounds and resulted in no difference 
between sound ratings of the nature and non-nature-sounds, they may also be 
triggered by nature-sounds. It is important to keep this in mind, especially when 
working with individuals who have experienced traumatic events. Although, when 
managed appropriately, experiencing and coping with negative emotions can be 
an important part of therapy and improving mental well-being (Greenberg, 2004). 
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Although using positive emotive words links to higher ratings for all sounds, the 
fact that the difference is greatest for the nature sounds might shed some light on 
how nature might lead to improved well-being. Feeling positive emotions has been 
associated with a number of benefits such as: enhanced emotional well-being 
(Fredrickson & Joiner, 2002); aiding coping in stressful and negative situations 
(Folkman, 2007) and helping to restore physiological responses (Folkman, 1997; 
Tugade, Fredrickson & Fieldman Barrett, 2004). Further to this, Fredrickson (1998, 
2001) posits the broaden-and-build theory of positive emotions that suggests that 
positive emotions lead to a broadening of range of thought and allow for flexible 
attention. This is proposed to better facilitate well-being as it allows a broadened 
mindset and an increase in personal resources that can then be called upon in 
future difficult times.  
Working with and developing emotion in psychological therapy has long been 
considered an important part to progress and change (Ehrenreich, Fairholme, 
Buzzella, Ellard & Barlow, 2007). Emotion plays a crucial role in the development 
of models including: cognitive-behavioural-therapy (Ritchey, Dolcos, Eddington, 
Strauman & Cabeze, 2011); mindfulness-based therapy (Hamilton, Kitzman, 
Guyotte, 2006); and positive psychology (Fredrickson, 2008). Nature-assisted 
therapy has already been shown to be an effective treatment option for a range of 
psychological disorders (Annerstedt & Wahrborg, 2011), and is often used in the 
treatment of veterans with PTSD (Milton & Corbet, 2011; Varning Poulsen, 
Stigsdotter & Dahl Refshage, 2015). It is possible that by using nature sounds in 
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therapeutic settings or by taking therapy out to natural settings, positive emotions 
may be evoked more readily, either spontaneously or by asking individuals to listen 
to the sounds and think of a positive memory. This may be integrated into the 
above therapeutic models in a variety of ways such as: facilitating the reprocessing 
of traumatic memories and negative emotions within nature settings as they may 
mitigate some of the intensity of negative emotions; using nature sounds in 
mindfulness exercises and; providing a means of gaining positive emotions, 
engaging in positive experiences and facilitating meaning, all of which are integral 
to the positive psychology model. This may also enable other benefits from positive 
emotions and memories to aid therapy and the therapeutic relationship via a more 
broadened mindset. 
5.5. Connectedness to nature and mental imagery 
The results indicate a link between writing in the first person or describing an image 
and higher ratings, although the ratings that are impacted vary. This might suggest 
that participants felt more connected to the sound, perhaps by placing themselves 
within the image or thought that came to mind. Connectedness to nature has been 
suggested as a means of gaining benefit from the natural world, by providing a 
sense of belonging with an environment that mankind has lived in for most of its 
existence (Mayer & Frantz, 2004). Feeling connected to nature has also been 
shown to mediate nature’s effect on well-being (Mayer et al., 2008).  
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Mental imagery has been shown to impact visual perception, in that what we 
perceive can be affected by what we mentally visualise or imagine, which has also 
been shown to play a role in a range of mental disorders and well-being (Pearson 
et al., 2015; Pearson & Kosslyn, 2015). Mental imagery has also been shown to 
amplify positive and negative emotions when used alongside verbally recalled 
memories (Amtz, de Groot & Kindt, 2005. The nature sounds were rated more 
positively and were associated with more positive images and memories. 
Therefore, if nature sounds can generate positive mental imagery, this may then 
boost the positive effect that nature sounds alone might have, as this has been 
shown to have a similar impact as actually seeing nature (Thirion, Duchesnay, 
Hubbard, Dubois, Poline, Lebihan, & Dehaene, 2006). 
Perhaps then, those participants that imagined themselves interacting with the 
natural setting they were listening to, felt a closer connection to it, leading to more 
positive sound ratings. This might suggest that in order to maximise beneficial 
effects on well-being and mental health, individuals could be instructed to imagine 
themselves within a natural setting, whilst listening to a nature-based sound.  
5.5.2. SRT and ART 
SRT highlights the importance of nature’s stress reducing properties, which is 
supported by a common theme of relaxation in the written responses.  For 
example, responses included: “relaxed, sand, shells, family, wind”; “rain, reminds 
me of camping, not doing much, relaxing” and “going on a train journey, excited, 
relaxed, anxious to arrive”. This word was more commonly found following nature-
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sounds than non-nature-sounds. Further to this, both mentioning a memory and 
writing in the first person resulted in higher relaxingness ratings for the nature 
sounds, with none of the variables leading to increased relaxingness ratings for the 
non-nature-sounds. It is possible then that more people might have imagined 
relaxing scenes or remembered relaxing memories when listening to the nature-
sounds, found that the nature-sounds induced more feelings of relaxation, or 
perhaps thinking of a memory/writing in the first person when listening to nature-
sounds makes the sounds seem more relaxing. It is not possible from this study to 
know whether it is the sounds that generated positive thoughts/memories that 
then led to positive sound ratings, or if the sounds themselves are inherently 
relaxing. However, there does seem to be a link between a sound’s ability to evoke 
a calming image and the subsequent perception of that sound. SRT would suggest 
that nature-sounds are inherent calming. However, this might be mitigated by the 
personal associations one has with that environment and by an individual’s ability 
to imagine themselves in it. It is documented that some people may struggle to 
mentally visualise images (Zeman et al., 2015), therefore these individuals may 
respond more positively to any nature-sound. Whereas others who are able to 
picture images in detail and have a positive association to a particular natural 
environment, might benefit more from choosing their own sound.  
Studies have shown that engaging more with nature as a child is associated not 
only with a range of benefits at the time (Davies, 1995), but also that these positive 
experiences lead to the development of positive memories, associations, attitudes 
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and a feeling of connectedness to particular natural environments as children grow 
older (Lohr & Pearson-Mims, 2005).  This childhood engagement is also associated 
with better mental health as an adult (Engemann et al., 2018; Preuss et al., 2019) 
and it increases the likelihood that an adult will engage in environmentalism and 
pro-environment behaviours (Wells & Lekies, 2006). Connection with nature and 
environmental behaviours have also been linked with increased time spent in 
nature for both adults and children (Collado, Corraliza, Staats & Ruiz, 2015; Nisbet, 
Zelenski & Murphy, 2008;). It may be then that children who spend time in nature 
strengthen their inherent tendency to find nature restorative. They may also 
engage in positive experiences that become positive memories. This greater 
engagement with nature as a child is linked to more engagement as an adult which 
might then provide a stronger foundation on which other benefits, such as stress 
reduction or cognitive restoration, might work more effectively. This is not taking 
into account by SRT in its current format, but could be integrated as it does not 
directly go against its principles. 
ART is based on the assumption that nature can restore fatigued attention. 
Fredrickson’s (1998) broaden-and-build theory posits that positive emotions can 
broaden the scope of attention which has been supported by research (Fredrickson 
et al., 2005). If nature induces positive emotions, perhaps it is this element that 
leads to changes in attention and cognitive approaches. ART suggests that it is the 
soft fascinating properties found in nature that lead to attention restoration. The 
nature sounds in this study were associated with higher ratings for excitingness 
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than the non-nature-sounds. It may be that the excitingness scale represents the 
soft fascinating properties described by ART, in that exciting sounds are perhaps 
easy to listen to without having to focus, or that they are interesting enough to 
generate different thoughts or images without the need to focus attention. If 
nature sounds offer a more interesting and exciting element to them than the non-
nature-sounds, this may result in the mind wandering in an effortless manner, 
aiding the restoration of attention. When nature-sounds were listened to and 
nature was explicitly mentioned, sounds were rated as more pleasant and more 
exciting. It is possible that this is due to an unconscious understanding that these 
sounds are restorative. It may be that just thinking of nature or thinking that a 
sound is nature, is enough to support the mind-wandering process that is said to 
support restoration in ART. If this were true then we would also expect nature-
sounds to be preferred even if participants did not know what they were (as the 
soft fascinating properties would be part of the sound make-up and would not 
require conscious identification). Future studies could examine this further. It 
seems that nature-sounds were rated as both more relaxing and exciting than non-
nature-sounds. Could it be that nature sounds that are both relaxing and exciting 
illustrates an interesting but not overly stimulating combination that represents 
components of soft fascination?  
Whilst both SRT and ART include reference to positive affect, they don’t consider 
it to be integral to the restorative effects of nature, but rather as a by-product. ART 
places the emphasis on restored attention, rather than the content of thoughts 
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and memories generated whilst the mind wanders. SRT allows for the inclusion of 
improved mood, but only in so much as linking it to an adaptation for preference, 
which must therefore be pleasant. This study suggests that the relationship 
between nature, memories and positive affect might be more complex, and that 
positive affect might drive some of the benefits seen, due in part to the types of 
thoughts, images and memories that might be triggered by nature and its sounds, 
therefore warranting further exploration. 
5.6. Non-nature-sounds 
The non-nature-sounds were linked with increases in some of the sound ratings 
(pleasantness when responses were written in the first person and an image was 
described, and excitingness when responses included a memory), although they 
were always lower than when compared to the nature-sounds. Whilst this study 
does not allow causal or directional links to be made, this would suggest that 
nature-sounds are more likely to be linked to positive emotions and memories, or 
that these improve how nature-sounds are perceived when compared to non-
nature-sounds. The increase in ratings for the non-nature-sounds might be a 
reflection of the above theories, in that placing oneself in the image might increase 
a connection to the sound, making it more pleasant, or recalling a memory makes 
it feel more exciting. The absence of increases in the relaxing rating may be of 
interest here. Perhaps it is the combination of pleasant relaxingness and 
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excitement that gives nature its proposed restorative edge, that is harder to find 
in other settings and sounds. This would require further exploration.  
5.7. Limitations and implications/recommendations for future research 
As this study used an online questionnaire that was completed by participants at a 
place of their choosing, the results may have been influenced by the participant’s 
surroundings. Instructions were provided that detailed the ideal setting in which 
to take the survey, however, there is no way of knowing if these were followed. 
Similarly, although the inclusion/exclusion criteria were presented as a series of 
non-optional questions at the start of the survey, participants were assumed to 
have answered these honestly. These factors could have implications for the 
generalisability of the results and potentially the validity of the independent 
variable, if other environmental sounds could be heard whilst participants were 
taking the survey. Completing the study within a pre-set environment, using the 
same equipment for each participant would result in a greater level of 
environmental control.  
Further to this, it is unlikely that the sample would be representative of the wider 
population due to the opportunistic method of recruitment. A more varied sample 
would be beneficial in future studies. 
The emotional state of participants at the point of completing the questionnaire 
may have impacted the results, as this has been shown to influence how a memory 
is recalled (Holland & Kensinger, 2010). Future studies might benefit from 
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collecting information about mood to examine if mood influences the types of 
responses that were generated. Further research examining how mood might 
change after listening to different sounds might also indicate whether certain 
sounds impact emotional states more than others. Tracking mood changes and 
exploring any links with thoughts generated by the sounds might provide more 
insight into the mechanisms by which nature-sounds can be beneficial, and the 
direction of effect, e.g. does emotion impact how we perceive sounds, or do 
sounds impact emotion. 
Other papers were examined to understand how sounds were chosen, but 
information about this was limited, or equipment was used that was not available 
when this study was completed. In future studies it may be beneficial to consider 
specialist equipment and consider the sound structure. White noise apps and 
generators appear to be becoming more popular in the general population 
(McKinney, 2017) and have been shown to aid learning via specific neurological 
modulations (Rausch, Bauch & Bunzeck, 2014). White noise is also found in the 
natural world and used by sound engineers to create a range of popular sounds 
that are anecdotally considered to be relaxing and restorative (Pigeon, 2019). 
There remains little research that examines the structure of natural sounds and 
the impacts they may have on the brain, although Gould van Praag et al., (2017) 
found that natural sounds lead to brain connectivity changes and increased 
parasympathetic nervous system activity that supports SRT. Examining natural and 
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non-natural-sounds with different frequency structures might develop our 
understanding about which specific sound properties result in which benefits. 
Following on from this, it could be argued that nature sounds might be more 
inherently pleasant than non-nature-sounds, and therefore this could mitigate the 
relationship they might have with the variables. Assessing the innate pleasantness 
and structural similarity of sounds in a pilot study prior to future research might 
offer more a robust means of comparing the impact of the origin of the sounds 
rather than innate pleasantness, or structural difference. However, separating 
innate pleasantness from objective pleasantness is likely to be a complex process 
and could be a study in its own right. Labelling sounds before they are heard may 
be a means to begin exploring this: would a sound elicit different responses if it 
was labelled ‘sound of the sea’, compared to being labelled ‘television static’? 
Perhaps combining nature and non-nature-sounds and alternating the labels 
would allow the exploration of inherent qualities in nature sounds to be separated 
from the thoughts and memories that the labels generate. 
This study does not directly test the claims and criticisms of ART or SRT, such as 
exploring the impact that fascination might have on specific aspects of attention 
or exactly how nature sounds might induce relaxation-based benefits. Future 
studies could be designed to specifically explore some of the claims and criticisms 
of these theories to better understand their qualities. 
Quantitative methodology was appropriate for this study due to the research 
questions, however there may be further detail within the written responses that 
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may be of interest. Therefore, further analysis using a qualitative methodology 
such as thematic analysis may highlight themes and connections that quantitative 
analysis cannot provide. This might allow more subtle and nuanced relationships 
to emerge that might support more effective individualised interventions. 
On the other hand, as this study has extrapolated a number of themes from the 
written responses already, future studies may benefit from this by asking some 
dichotomous questions, based on the coded variables, such as: did the sound 
trigger any specific memories? Or, would you rate the memory/image/feeling you 
have experienced as predominantly positive, negative, neutral or both? This would 
increase validity and reduce some ambiguity and subjectivity that arose from the 
rating process, although this may also influence the type of response given and 
remove some of the richness seen in responses here. 
Grouping coded variables together to explore the impact different combinations 
might have on ratings, such as mentioning a memory and the positivity of the 
response, or mentioning nature and writing in the first person, might provide a 
more detailed understanding of the most effective ways to increase any positive 
effects from listening to sounds. These analyses would require more participants 
as specific variable combinations are likely to further reduce the size of each group. 
Ethnicity details were not collected in this study, and it would be recommended if 
this data were collected in future studies to examine any differences between 
cultural and ethnic backgrounds.  
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There were variations in the way the individual sounds were rated in this study 
(Tables 13 to 16 in Appendix 8). Examining this further might allow for more 
nuanced connections to be made about what types of memories and emotions 
particular sounds might evoke. Due to the word limit of this paper it is not possible 
to explore this here. 
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6. Conclusion 
 
This study adds to the current literature to lend support to the theory that nature-
sounds are preferred to and considered to be more pleasant, relaxing and exciting 
than non-nature sounds. Previous theories have suggested that this is due to 
nature’s soft fascinating properties supporting the restoration of depleted 
attention, an adapted preference for nature that leads to a reduction in stress, or 
that these processes are a by-product of fluent perceptual processing. This study 
found that listening to nature-sounds is associated with more positive thoughts, 
images, memories and emotive words. Although both sets of sounds seemed to 
generate the same amount of memories and images, it is the positivity that is 
associated with nature-sounds. Furthermore, when individuals did think of a 
memory they rated the sounds as being more relaxing, pleasant and exciting. It 
also seems that explicitly thinking of nature is also associated with sounds being 
rated as more pleasant and exciting.  Whilst there were similar improvements in 
many ratings for the non-nature-sounds these were not as common or strong. 
These results may offer some support for both ART and SRT whilst indicating that 
the relationship we have with nature-sounds might be more complicated than just 
one theory can explain. It seems that our personal experiences might influence 
what we think of when we hear particular sounds which might mediate their 
beneficial effects. This would point to allowing individuals a choice of sounds if they 
are used in interventions. It would also follow that if nature-sounds can generate 
more positive emotions and memories, perhaps these sounds can be used in 
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therapeutic interventions to enhance beneficial effects and support mental well-
being. 
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Appendix.1 Information sheet for participants 
INFORMATION SHEET FOR PARTICIPANTS 
  
Title of Study: What makes a sound relaxing? The impact personal 
significance has on ratings of natural and non-natural sounds 
REC/Ethics Reference Number: FT-PSY-490-17 
 
Invitation Paragraph                                                            
I am a Clinical Psychology Doctoral student at the University of Surrey 
Psychology Department. I would like to invite you to participate in this 
research project which forms part of my Doctoral research. This project 
consists of completing an online questionnaire. You should only participate if 
you want to; choosing not to take part will not disadvantage you in any way. 
Before you decide whether you want to take part, it is important for you to 
understand why the research is being done and what your participation will 
involve. Please take time to read the following information carefully and 
discuss it with others if you wish. 
 
What is the purpose of the study? 
The aim of this study is to examine the types of thoughts, feelings and 
memories that come to mind when people hear different types of sounds, 
and how this impacts on how individuals rate those sounds. 
This will involve completing an online questionnaire which will include 
listening to different sounds, rating the sounds on a set of scales and noting 
what came to mind when the sound was playing. 
 
Why have I been invited to take part? 
I am inviting anyone who is over 18 years old and that does not have 
significant hearing problems to take part. 
 
Do I have to take part? 
Participation is voluntary. You do not have to take part. You should read this 
information sheet and if you have any questions you should ask the research 
team. 
 
What will happen to me if I take part? 
If you decide to take part you will have an opportunity to provide your email 
address in order to be sent a copy of this information sheet to keep, and will 
be asked to complete a consent form. You will then be automatically taken to 
the start of the online questionnaire. 
The questionnaire takes approximately 10 to 20 minutes in total. 
 
 
What are the possible benefits and risks of taking part? 
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The information we will get from the study will contribute to the knowledge 
base and existing theories that seek to explain why some types of sounds 
are preferred over others. You may also find that you are reminded of 
pleasant memories during this study. 
Furthermore, I will provide you with a summary of a final report describing 
the main findings, should you leave your email address. 
The main disadvantage to taking part in the study is that you may be 
reminded of a memory that may be distressing, although none of the sounds 
are distressing in themselves. 
 
Will my taking part be kept confidential? 
What is said in the data collected is regarded strictly confidential and will be 
held securely until the research is finished. All data for analysis will be 
anonymised. 
In reporting on the research findings, I will not reveal the names of any 
participants. 
All project data related to the administration of the project, (e.g. consent 
form) will be held for at least 6 years and all research data for at least 10 
years in accordance with University policy.  Your personal data will be held 
and processed in the strictest confidence, and in accordance with current 
data protection legislation. 
All information gathered will be held for long-term storage on University 
secure servers. No identifiable data will be accessed by anyone other than 
me, members of the research team and authorised personal from the 
University and regulatory authorities for monitoring purposes. Anonymity of 
the material will be protected by encrypted software. 
However, should you disclose that you or someone else is at risk then the 
researcher may need to report this to an appropriate authority. 
 
How is the project being funded 
This is an unfunded study which has been given a favourable ethical opinion 
by the Faculty of Health and Medical Sciences Ethics Committee. 
 
What will happen to the results of the study? 
I will produce a final report summarising the main findings, which will be sent 
to you if you leave your email address, of if you contact me on the details 
below requesting it. I also plan to disseminate the research findings through 
publication and conferences. 
 
Who should I contact for further information? 
If you have any questions or require more information about this study, 
please contact me using the following contact details: 
Rebecca Barton 
University of Surrey 
Stag Hill Campus 
Guildford 
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GU2 7XH 
r.e.barton@surrey.ac.uk  
 
What if something goes wrong? 
If you wish to make a complaint about the conduct of the study you can 
contact one of the staff members (all situated at the University of Surrey 
campus) listed below for further advice and information: 
Dr Simon Draycott (Senior Teaching Fellow) 
s.draycott@surrey.ac.uk 
01483 686886 
Dr Birgitta Gatersleben (Reader in Environmental Psychology) 
b.gatersleben@surrey.ac.uk 
01483 689306 
Ms XX (Programme Director PsychD Clinical Psychology) 
m.john@surrey.ac.uk 
01483 689267 
The University has in force the relevant insurance policies which apply to this 
study.  If you wish to complain, or have any concerns about any aspect of 
the way you have been treated during the course of this study then you 
should follow the instructions given above. 
Thank you for reading this information sheet and for considering taking part 
in this research. 
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Appendix 2. Consent form for participants 
Consent form for participants in research studies 
  
Title of Study: What makes a sound relaxing? The impact personal 
significance has on ratings of natural and non-natural sounds 
 
Thank you for considering taking part in this research. Please make sure you 
have read the information sheet, if you have any questions please email the 
researcher on: r.e.barton@surrey.ac.uk (Rebecca Barton). You will be sent a 
copy of this Consent Form to keep and refer to at any time, if you leave your 
email address at the end of the questionnaire.  
By ticking/initialling each box you are consenting to this element of the study. 
If you DO NOT consent to a part of the study and you may be deemed 
ineligible for the study. 
Q1. I confirm that I have read and understood the information sheet dated 
[07/11/2017, version 1] for the above study. I have had the opportunity to 
consider the information and asked questions which have been answered 
satisfactorily. 
Q2. I understand that my participation is voluntary and that I am free to withdraw 
at any time without giving any reason and without being disadvantaged in any 
way. Furthermore, I understand that I will be able to withdraw my data up to 
January 10th 2018. 
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Q3. I consent to the processing of my personal information for the purposes 
explained to me.  I understand that such information will be handled in 
accordance with the terms of the UK Data Protection Act. 
Q4. I understand that my information may be subject to review by responsible 
individuals from the University of Surrey and/or regulatory authority for 
monitoring and audit purposes. 
Q5. I understand that confidentiality and anonymity will be maintained and it will 
not be possible to identify me from any publications. 
Q6. I agree to be contacted in the future by University of Surrey researchers who 
would like to invite me to participate in follow up studies to this project, or in 
future studies of a similar nature. 
Q7. I agree that the research team may use my anonymised data for future 
research and understand that any use of identifiable data would be reviewed and 
approved by a research ethics committee. (In such cases, as with this project, data 
would not be identifiable in any report). 
Q8. I understand that the information I have submitted will be published as a 
report and I wish to receive a copy of it. 
Q9. I understand that I must not take part if I fall under the exclusion criteria as 
detailed in the information sheet. 
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Appendix. 3 Online survey 
 Are you aged 18 years or over? 
o Yes  
o No  
 Do you have any significant hearing problems?       
(this survey involves listening to sounds, if you think that this will be difficult for 
you please do not continue) 
o Yes  
o No 
 Q67 Volume calibration sound 
 
Please listen to the following sound and adjust your volume so that the voice 
sounds like the speaker is standing next to you speaking loudly. 
 
 
You may replay the sound as often as you need. 
Q61 You will now hear a number of sounds, please close your eyes and listen to 
each sound. 
 
Please think about what comes into your mind whilst listening.  
 
You will then be asked questions about each sound. 
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Please answer every question. You will not be able to go back to previous 
questions. 
 S1rate Please rate the sound on the scales below 
 
1 
(1) 
2 
(2) 
3 
(3) 
4 
(4) 
5 
(5) 
6 
(6) 
7 
(7) 
8 
(8) 
9 
(9) 
10 
(10) 
 
Not 
relaxing o  o  o  o  o  o  o  o  o  o  relaxing 
Not 
pleasant o  o  o  o  o  o  o  o  o  o  pleasant 
Not 
boring o  o  o  o  o  o  o  o  o  o  boring 
Not 
exciting o  o  o  o  o  o  o  o  o  o  exciting 
Not 
stressful o  o  o  o  o  o  o  o  o  o  stressful 
 
 Q30 What came into your mind as you were listening to the sound? 
 
Please describe any feelings, thoughts, memories or images that you noticed 
whilst you were listening to the sound.  
 
 
Please write as much as you wish, the box will expand. 
 ________________________________________________________________ 
81 
 
 Q41 Please state what you think the sound was a recording of. 
 S2rate Please rate the sound on the scales below 
 
1 
(1) 
2 
(2) 
3 
(3) 
4 
(4) 
5 
(5) 
6 
(6) 
7 
(7) 
8 
(8) 
9 
(9) 
10 
(10) 
 
Not 
relaxing o  o  o  o  o  o  o  o  o  o  relaxing 
Not 
pleasant o  o  o  o  o  o  o  o  o  o  pleasant 
Not 
boring o  o  o  o  o  o  o  o  o  o  boring 
Not 
exciting o  o  o  o  o  o  o  o  o  o  exciting 
Not 
stressful o  o  o  o  o  o  o  o  o  o  stressful 
 
Q52 What came into your mind as you were listening to the sound? 
 
Please describe any feelings, thoughts, memories or images that you noticed 
whilst you were listening to the sound. 
 ________________________________________________________________ 
 Q42 Please state what you think the sound was a recording of. 
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 S3rate Please rate the sound on the scales below 
 
1 
(1) 
2 
(2) 
3 
(3) 
4 
(4) 
5 
(5) 
6 
(6) 
7 
(7) 
8 
(8) 
9 
(9) 
10 
(10) 
 
Not 
relaxing o  o  o  o  o  o  o  o  o  o  relaxing 
Not 
pleasant o  o  o  o  o  o  o  o  o  o  pleasant 
Not 
boring o  o  o  o  o  o  o  o  o  o  boring 
Not 
exciting o  o  o  o  o  o  o  o  o  o  exciting 
Not 
stressful o  o  o  o  o  o  o  o  o  o  stressful 
 
Q53 What came into your mind as you were listening to the sound? 
 
Please describe any feelings, thoughts, memories or images that you noticed 
whilst you were listening to the sound. 
 ________________________________________________________________ 
 Q43 Please state what you think the sound was a recording of. 
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 S4rate Please rate the sound on the scales below 
 
1 
(1) 
2 
(2) 
3 
(3) 
4 
(4) 
5 
(5) 
6 
(6) 
7 
(7) 
8 
(8) 
9 
(9) 
10 
(10) 
 
Not 
relaxing o  o  o  o  o  o  o  o  o  o  relaxing 
Not 
pleasant o  o  o  o  o  o  o  o  o  o  pleasant 
Not 
boring o  o  o  o  o  o  o  o  o  o  boring 
Not 
exciting o  o  o  o  o  o  o  o  o  o  exciting 
Not 
stressful o  o  o  o  o  o  o  o  o  o  stressful 
 
Q31 What came into your mind as you were listening to the sound? 
 
Please describe any feelings, thoughts, memories or images that you noticed 
whilst you were listening to the sound. 
 ________________________________________________________________ 
 Q44 Please state what you think the sound was a recording of. 
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 S5rate Please rate the sound on the scales below 
 
1 
(1) 
2 
(2) 
3 
(3) 
4 
(4) 
5 
(5) 
6 
(6) 
7 
(7) 
8 
(8) 
9 
(9) 
10 
(10) 
 
Not 
relaxing o  o  o  o  o  o  o  o  o  o  relaxing 
Not 
pleasant o  o  o  o  o  o  o  o  o  o  pleasant 
Not 
boring o  o  o  o  o  o  o  o  o  o  boring 
Not 
exciting o  o  o  o  o  o  o  o  o  o  exciting 
Not 
stressful o  o  o  o  o  o  o  o  o  o  stressful 
 
Q32 What came into your mind as you were listening to the sound? 
 
Please describe any feelings, thoughts, memories or images that you noticed 
whilst you were listening to the sound. 
 _______________________________________________________________ 
 Q45 Please state what you think the sound was a recording of. 
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 S6rate Please rate the sound on the scales below 
 
1 
(1) 
2 
(2) 
3 
(3) 
4 
(4) 
5 
(5) 
6 
(6) 
7 
(7) 
8 
(8) 
9 
(9) 
10 
(10) 
 
Not 
relaxing o  o  o  o  o  o  o  o  o  o  relaxing 
Not 
pleasant o  o  o  o  o  o  o  o  o  o  pleasant 
Not 
boring o  o  o  o  o  o  o  o  o  o  boring 
Not 
exciting o  o  o  o  o  o  o  o  o  o  exciting 
Not 
stressful o  o  o  o  o  o  o  o  o  o  stressful 
 
Q33 What came into your mind as you were listening to the sound? 
 
Please describe any feelings, thoughts, memories or images that you noticed 
whilst you were listening to the sound. 
 ________________________________________________________________ 
 
 Q46 Please state what you think the sound was a recording of. 
Q63 We would be grateful if you could please complete the following 
demographic questions 
 Q62 How old are you? 
Q64 How would you describe your gender identity? 
o Non-binary  
o Female  
o Male  
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Q65 What is your highest level of academic qualification? 
o GCSE  
o A level  
o Undergraduate degree   
o Post-graduate degree  
o Doctoral degree  
 
Q143 Is English your first language? 
o Yes   
o No  
 
Q53 Please leave any comments if you wish. 
Q54 If you would like to be entered into a prize draw to win twenty pounds, 
and/or to receive copies of the information sheet and consent forms, please 
leave your email address below. Winners will be notified in early 2018. 
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Appendix. 4 Copy of email from ethics committee 
 
 
Dear Rebecca 
  
Thank you for submitting your ethics study application form, checklist and summary to the 
Faculty of Health and Medical Sciences Ethics Committee via the Fast Track procedure. 
I am pleased to confirm that your project, as stated in your application, does not raise any 
issues that would necessitate a full ethical review and you are therefore able to proceed 
with your research. 
  
Please keep your original application, checklist form and summary with the reference 
given above together with a copy of this email, as no copies are kept by the ethics 
committee. 
  
If there are any significant changes to your project which require further scrutiny, please 
contact the Ethics Committee before proceeding with your Project. 
  
Many thanks and good luck with the study 
  
With best wishes 
XXX 
  
XXX 
Administrator Faculty of Health and Medical Sciences Ethics Committee 
Duke of Kent Building (16DK03) (Tuesdays, Wednesdays & Thursdays, 9-
5.15) 
Tel: +44 (0) XXXXXX   
Email: XXX@surrey.ac.uk   
Web: surrey.ac.uk 
Senate House, University of Surrey, Guildford, Surrey, GU2 7XH, UK 
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Appendix 5. License information from Freesound.com 
Licenses 
What do I need to do to legally use the files on freesound? 
Well, it depends on what you want to do and which files you want to use. First of all, 
freesound lets the user select one of three licenses for his sounds. And, we used to 
have a 4th license, which complicates matters. Depending on the license there are 
things you can and can't do with the files. Let's start with the licenses. Creative 
commons has a really nice page explaining them: 
• zero (cc0): http://creativecommons.org/publicdomain/zero/1.0/ 
• attribution (by): http://creativecommons.org/licenses/by/3.0/ 
• attribution noncommercial (by-
nc): http://creativecommons.org/licenses/by-nc/3.0/ 
We aren't lawyers so this isn't legal advice, but here's our summary: for the "zero" 
license you can do pretty much what you want with the sound. You could even sell 
the sound, ... but you can't claim you are the author! For "attribution" you should 
always mention the original creators of the sounds when you use them. 
"Noncommercial" works like attribution, but you can't earn any money with the piece 
of work you create! As with all licenses the original creator can give you permission 
to use the sound outside of the original license. 
The content of the Freesound website is uploaded by the users of the site. As per 
our terms of service our users are required to follow the rules and not upload any 
copyrighted material. However, like all content on the internet, there might be cases 
where the users of our site are (un)knowingly uploading illegal content. If you find 
such content, make sure that you click the "Flag it!" link on the page which contains 
the sound. 
In freesound "1" we had an additional license called Sampling+: 
• sampling plus: http://creativecommons.org/licenses/sampling+/1.0/ 
Our interpretation of this license: you can do pretty much what you could do with the 
attribution noncommercial license, but additionally you can't make commercial 
advertisement with the sound. You can't make a track with Sampling+ samples to sell 
a car, for example. Sampling+ is being removed by creative commons because it's a 
difficult license to interpret, see below for more on that. 
Now I can already hear you saying, "attribution", how should I do that, so see the 
next section! 
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Appendix 6. Coded variable definitions and coding guidelines  
 Table 10. Definitions and coding guidelines for variables 
Variable 
name 
Definitions Code 
Reference to 
nature 
Does the Nature variable (above) say “yes” or “part”? Yes 
Does the response contain no references to nature?   No 
Nature references things like countryside, rain, weather, river, sea but not water, wet cold etc. 
Positive 
response 
Does the response contain only positive references? Yes 
Does the response contain both positive and neutral references? Yes 
Does the response contain both positive and negative references? No 
“References” in this context refer to explicit positive words or phrases such as “I enjoyed”, “happy 
memories” and “soothing”. 
Negative 
response 
Does the response contain only negative references? Yes 
Does the response contain both negative and neutral references? Yes 
Does the response contain both positive and negative references? No 
“References” in this context refer to explicit negative words or phrases such as “frustrated”, 
“irritated” and “feeling helpless”. 
Mixed 
response 
Does the response contain both positive and negative references? Yes 
Does the response contain only positive references? No 
Does the response contain both positive and neutral references? No 
Does the response contain only negative references? No 
Does the response contain both negative and neutral references? No 
Neutral 
response 
Does the response contain only neutral references? Yes 
Does the response contain only positive references? No 
Does the response contain both positive and neutral references? No 
Does the response contain only negative references? No 
Does the response contain both negative and neutral references? No 
“References” in this context refer to words that do not have inherent positive or negative meanings 
such as “cold” “wet” or phrases that do not state positive or negative emotion states such as 
“being stuck on a motorway waiting for a tow truck”. Responses that do not use explicitly positive 
or negative descriptive words are coded as neutral. 
Emotive 
language 
used 
Does the response include at least one word relating to 
emotions/emotional response? 
Yes 
Does the response include no words relating to emotions or emotional 
response? 
No 
Words include: “relaxing” “happy” “Irritated” “calm” “excitement” 
Mentioned a 
memory 
Does the response directly refer to a specific memory? Yes 
Such as “memories of a school trip” or “reminds me of a recent trip to Brighton”. Phrases must 
indicate a specific memory. 
 Does it sound like it might be a memory or collections of memories? Don’t 
know 
Is it clear that the response does not refer to a memory? No 
Generic phrases such as “made me think of a beach” or “image of a pub came to mind” rate as no 
as this is does not seem like a specific memory. 
Written in 
the first 
person 
Is the response phrased in the first person, or does it refer to a first person 
memory? 
Yes 
Such as “standing next to a motorway”, “being on a train” and “I remembered being on holiday as 
a child”. 
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 Is the response describing an image or scene that the participant is not 
placed in, or does it describe their current thoughts/emotions listening to 
the sound? 
No 
Such as “nostalgia, melancholy”, “I saw a little boy”, “I love the sound of streams, storms and rain”. 
Image 
described 
Does the reference include a description of an image, or attempt to 
describe a tangible place/thought/memory that could be imagined in 
pictures? 
Yes 
Such as “the beach during a storm” or “felt like I was in a crowded airport”. 
 Does the response only refer to a current emotional, intangible state, or 
only include references to emotions? 
No 
Such as “I did not like this sound, it made me feel anxious? Or “boredom”. 
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Appendix 7. Histograms showing distribution of ratings for each sound  Figure 3. Sound 1 - Wind through trees
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Figure 4. Sound 2 - Sea 
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Figure 5. Sound 3 – Rain 
 
 
Figure 6. Sound 4 - People talking 
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  Figure 7. Sound 5 - Motorway 
 
 
Figure 8. Sound 6 – Train 
96 
 
 
97 
 
 
Appendix 8. Further tables of results. 
 
Table 13. Mean affective ratings and SDs for each sound separately 
 Nature-based (n=107) Non-nature-based (n=107) 
 Wind Sea Rain People Motorway Train 
Mean 
(SD) 
Mean 
(SD) 
Relaxing 
5.07 5.54 7.84 4.3 3.98 4.42 
(2.71) (2.75) (1.98) (2.2) (2.24) (2.48) 
Pleasant 
5.18 5.93 7.87 5.06 4.13 4.57 
(2.58) (2.56) (2.07) (2.17) (1.93) (2.32) 
Exciting 
4.18 5.38 5.27 4.27 4.02 4.59 
(2.24) (2.56) (2.27) (2.32) (2.18) (2.31) 
 
Table 14. Frequencies and percentages of positivity of responses to sounds – both positive and negative, 
 and neutral responses 
 Nature-based Non-nature-based 
 Wind Sea Rain People Motorway Train 
Frequency 
(Percentage) 
Positive only 
responses 
20 
(18.7) 
18 
(16.8) 
37 
(34.6) 
20 
(18.7) 
7 
(6.5) 
17 
(15.9) 
Negative only 
responses 
23 
(21.5) 
16 
(15) 
7 
(6.5) 
10 
(9.3) 
23 
(21.5) 
19 
(17.8) 
Mixed 
responses 
3 
(2.8) 
5 
(4.7) 
7 
(6.5) 
2 
(1.9) 
3 
(2.8) 
4 
(3.7) 
Neutral 
responses 
49 
(45.8) 
52 
(48.6) 
43 
(40.2) 
61 
(57) 
63 
(56.1) 
60 
(57) 
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Table 15. Frequencies and percentages of responses that were coded 'yes' for variables (other than 
 ‘positive’), nature-sounds separately 
 Wind Sea Rain 
Yes No Don’t 
know 
Yes No Don’t 
know 
Yes No Don’t 
know 
Nature 
mentioned 
73 
68.2% 
34 
31.8% 
- 71 
66.4% 
36 
33.6% 
- 75 
70.1% 
32 
29.9% 
- 
Emotive 
words 
46 
43% 
61 
57% 
- 42 
39.3% 
65 
60.7% 
- 44 
41.1% 
63 
58.9% 
- 
Memory 18 
16.8% 
65 
60.7% 
24 
22.4% 
19 
17.8% 
63 
58.9% 
25 
23.4% 
20 
18.7% 
50 
46.7% 
37 
34.6% 
First person 35 
32.7% 
72 
67.3% 
- 39 
36.4% 
68 
63.6% 
- 57 
53.3% 
50 
46.7% 
- 
Image 85 
79.4 
22 
20.6% 
- 80 
74.8% 
27 
25.2% 
- 88 
82.2% 
19 
17.8% 
- 
  
Table 16. Frequencies and percentages of responses that were coded 'yes' for variables (other than  
  ‘positive’), non-nature-sounds separately 
 People Motorway Train 
Yes No Don’t 
know 
Yes No Don’t 
know 
Yes No Don’t 
know 
Nature 
mentioned 
- 107 
100% 
- 19 
17.8% 
88 
82.2 
- 7 
6.5% 
100 
93.5% 
- 
Emotive 
words 
29 
27.1% 
78 
72.9% 
- 35 
32.7 
72 
67.3% 
- 36 
33.6% 
71 
66.4% 
- 
Memory 8 
7.5% 
43 
40.2% 
56 
52.3% 
12 
11.2% 
71 
66.4% 
24 
22.4% 
36 
33.6% 
46 
43% 
25 
23.4% 
First person 41 
38.3% 
66 
61.7% 
- 36 
33.6% 
71 
66.4% 
- 55 
51.4% 
52 
48.6% 
- 
Image 80 
74.8% 
27 
25.2% 
- 82 
76.6% 
25 
23.4% 
- 90 
84.1% 
17 
15.9% 
- 
 
Assumption of equal variances is met in some of the analyses, although all 
statistics reports are equal variances not assumed. Levene’s tests also used to 
examine further these variances and taken into consideration when 
interpreting results. 
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Part 2 – Literature Review 
 
What does the literature tell us about the role natural sounds can play in our well-
being: implications for mental well-being? 
Abstract 
 
Introduction: Deficits in mental well-being cost both individuals and the state. 
Research indicates that the exposure to or engagement with natural environments 
could improve mental well-being. However, natural environments are not easily 
accessible to everybody. Exposure to natural sounds may provide a more accessible 
alternative. To date there are no reviews that specifically assess the benefits of 
nature-sounds on well-being. 
Method: This paper aimed to review both qualitative and quantitative literature 
examining effects of nature-sounds on mental well-being. The Mixed Methods 
Appraisal Tool (MMAT) was used to assess data quality, with findings discussed in a 
narrative format due to the small and heterogeneous range of current literature. Four 
domains of well-being emerged based on outcome measures and aims of reviewed 
articles: anxiety and stress; mood; perception of sounds and cognitive effects.  
Results: The quality of evidence is limited by methodological design, bias in sample 
selection and small sample size. The current studies also focus on a non-clinical 
sample which impacts on what conclusions can be drawn. However, research 
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indicates that nature-sounds are perceived to be more restorative, with the most data 
supporting a positive impact on anxiety and stress. Birdsong, wind through trees and 
water are mentioned most frequently, but the small data set prevents any strong links 
being made between type of sound and type of impact on mental well-being. 
Conclusion: Further research that includes both subjective and objective measures, 
and over multiple domains with a greater consistency, would support a greater 
understanding of the possible impacts of nature sounds on mental well-being. 
Increasing opportunities for engagement with nature and its sounds may support 
good mental well-being and developing interventions that allow individuals to choose 
the sound they prefer may increase their effectiveness. 
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1. Introduction 
 
In the UK it is estimated that one in six adults experience a mental health problem in 
any given week (McManus, Bebbington, Jenkine, & Brugha, 2016), and it is the largest 
cause of disability, costing an estimated £105.2 billion a year in England alone 
(Department of Health and Social Care, 2011). Evidence suggests that the natural 
environment can be a cost-effective and accessible means of supporting good mental 
and physical well-being (Bowler, Buyung-Ali, Knight, & Pullin, 2010; Bragg & Atkins, 
2016). The literature indicates that engaging with natural environments can lead to: 
improved mood, (Beute & de Kort, 2014); improved cognitive function (Berman, 
Jonides, & Kaplan, 2008); a reduction in rumination (Bratman, Hamilton, Hahn, Daily, 
& Gross, 2015) and improved physical health (Frumkin, 2001). Considering a holistic 
approach, these benefits may positively impact and maintain, good mental health in 
a variety of ways (Witmer & Sweeney, 1992), one of these being that nature has 
restorative properties, e.g. nature has been shown to improve mood and restore 
attention (Kaplan & Kaplan, 1989; Ulrich, et al. 1991).  
1.1. Theoretical background 
There are two main theories that attempt to explain nature’s perceived 
restorativeness: attention restoration theory (ART) (Kaplan & Kaplan, 1989) and 
stress reduction theory (SRT), (Ulrich, et al., 1991). Attention restoration theory (ART) 
(Kaplan et al., 1989), focuses on the process of attention, specifically the need of 
individuals to maintain a level of directed attention in everyday life. Maintaining 
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attention on tasks and resisting distractions that may draw our attention away 
requires effort. ART proposes that directed attention is a process that can become 
fatigued over time, and that nature has more properties that promote attention 
restoration than other environments. One of these being a term known as ‘soft 
fascination which is considered to be  nature’s ability to draw attention involuntarily, 
through a range of sensory modalities such as sights and sounds, without demanding 
it. It allows the eyes to wander, and the mind too, which does not demand the use of 
the directed attention process, therefore allowing restoration. Kaplan (1995) also 
suggests that as directed attention is fatigued, stress and anxiety can increase. This 
might suggest that if a natural environment could restore attention, it might also 
improve anxiety and stress, and positively effect mental well-being. ART is widely 
cited but there continues to be only a small number of studies testing the theory. A 
systematic review by Ohly, et al., (2016) concluded that there is some evidence for 
the beneficial effects of nature exposure on mental flexibility and processing as 
demonstrated by Digit Span Forward and Backward, and Trail Making Test B, but did 
not find other significant benefits. Joye and Dewitte (2018) criticise the current 
literature by highlighting the disagreements about which aspects of attention might 
be impacted by nature, the vagueness of “soft fascination” and the lack of definition 
and continuity when measuring attention.  
Stress reduction theory (SRT), proposed by Ulrich, et al. (1991) focuses on the concept 
that certain environments can increase stress, whereas other environments aid stress 
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recovery. It builds on early theories that consider the relationship between stress and 
recovery including: arousal theories which suggest that recovery from stress is more 
likely to occur in environments that have low arousal increasing properties (Berlyne, 
1971; Mehrabian & Russell, 1974); overload theories that say that highly complex and 
stimulating environments involve high levels of processing that interfere with 
restoration processes (Cohen, 1987); and learning perspectives that suggest that 
positive association with natural environments are fostered through pleasant 
experiences such as holidays (Tuan, 1974). These theories suggest that there are 
different mechanisms in place that account for the restorative properties of nature, 
such as physiology, cognitive processing and emotional responses. Ulrich’s earlier 
(1983) ‘psycho-evolutionary’ framework states that when these responses are 
activated by the environment they guide behaviour in ways that supports survival. 
For example, Ulrich (1983) has shown that individuals prefer certain types of setting 
such as a savannah-like areas that include water and provide cover. In a threat 
situation this might offer an opportunity for restoration and protection, leading to an 
adaptation for liking this particular setting. Ulrich suggests that humans have 
developed a predisposition to respond positively to (safe) natural settings in a way 
that has not yet developed with regards to modern urban settings. SRT takes this 
further by saying that humans have evolved to benefit from the natural environments 
around them and have passed on relevant genes. These benefits include quick-onset 
positive effects such as liking (the environment) and sustained interest. This would 
then motivate prolonged engagement with the environment, and therefore increase 
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positive feelings, reduce negative feelings and stress, support cognitive restoration 
and have a beneficial impact on physiology. This is given as an explanation for the 
positive effects seen in modern humans when they interact with pleasant natural 
environments today. 
There are currently no meta-analyses evaluating SRT, although there are studies and 
reviews indicating stress reducing effects of nature, and supporting consistent 
positive impacts on affect (Bowler, et al, 2010; Cerwén, Pedersen, & Pálsdóttir, 2016; 
Hansmann, Hug, & Seeland, 2007; Ulrich et al., 1991). When considered together, 
they may offer a sound basis for some of the benefits seen from exposure to nature. 
However, both SRT and ART can be criticised for being universal, as neither considers 
the impact that individual differences may have on individuals’ preferences. For 
example, it is unclear if and why certain people benefit from different aspects of 
nature. Some people prefer the sea in contrast to wind through trees, but there is a 
lack of clarity regarding the reasons or mechanisms for this.  
Due to the prevalence of these theories in the current literature, they will inform the 
search terms for this review, with both ‘stress’ and ‘restoration’ being included. 
1.2. Current literature 
The properties of nature that make it restorative are not well understood. There are 
a number of reviews which examine the overall effects of exposure to natural 
environments on well-being. For example, Bowler et al., (2010) carried out a 
systematic review to examine the health benefits of exposure to nature. They found 
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a reduction in self-reported negative emotions after exposure to natural 
environments. They also found limited evidence of attention restoration and 
physiological changes. However, these results should be considered with caution due 
to the heterogeneity of measures used. For example: the impact of nature on 
parentally rated behaviours of poor attention in children with ADHD (Faber, Kuo, & 
Sullivan, 2001; Kuo & Faber, 2004); the Stroop test (Hartig, Evans, Jamner, Davis, & 
Garling, 2003); digit span (Bodin & Hartig, 2003; Faber & Kuo, 2009); proofreading 
(Hartig, Mang, & Evans, 1991) and Attention Network Test (Berman, Jonides, & 
Kaplan, 2008. These measures highlight the difficulty in developing an agreed 
definition and measurement of some concepts such as attention. Similar difficulties 
were cited by Ohly et al. (2016) who carried out a meta-analysis of the impact that 
exposure to natural environments had on attention restoration. They found 
statistically significant improvements on the ability to complete three cognitive tasks 
(digit span forwards, backwards and Trail Making Test B) after exposure to natural 
environments. However, their analyses were restricted due to small numbers of 
studies and the heterogeneity of the methodologies and outcome measures. 
Lee and Maheswaran’s (2010) review of the health benefits of urban green spaces 
concluded that although there seems to be evidence supporting the view that green 
urban spaces provide health benefits, again it is difficult to establish any causal link 
due to methodology. Two further reviews (Bratman, Hamilton & Daily, 2012; Keniger, 
Gaston, Irvine & Fuller, 2013) examined a range of possible benefits of interacting 
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with or exposure to nature. They found evidence for benefits on social, memory, 
attention, concentration, impulse inhibition and mood measures. However, they also 
suggested that current literature remains culturally and socio-economically biased, 
and that there is little understanding about what specific ecological features (e.g. 
vegetation types or sounds) account for what benefits. 
Due to the complex and varied well-being domains that have been researched, search 
terms for this review will include a range of terms for well-being, such as: ‘anxiety’, 
‘mood’, ‘cognition’, ‘stress’ and ‘well-being’ itself. 
1.4. Rationale for review 
Considering the above studies, although participants are exposed to different 
features of natural environments such as water, animals and trees which may 
produce sound, there is no explicit mention of nature-sounds (any sound originating 
from the natural, non-man-made environment) and how these may influence 
findings. Furthermore, none of the reviews have isolated sound (or any separate 
environmental component) in a way that allows us to understand how sound 
contributes to the positive effects on well-being from exposure to natural 
environments.  
Studies have found that images or videos of natural settings provide a range of 
benefits (Annerstedt, et al., 2013). However, this assumes that video/viewing 
equipment is available, which it may not be, and doesn’t take into consideration 
individuals with limited eyesight or when there is need for vision to be directed 
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elsewhere, such as when walking, driving or doing other activities that require visual 
attention (particularly when in urban settings). In these circumstances and for others 
such as when audio-based nature-sounds would be beneficial (i.e. on the 
underground, going to sleep, or when there is no nature), natural sounds could be 
used instead, but little is known about how beneficial these may be. This review will 
focus on examining the evidence for the role of natural sound on mental well-being 
as there are currently no reviews that focus on this aspect of nature. 
As this review will focus on the sounds of nature, ‘sound’ and ‘nature’ will be included 
in the search terms. 
1.4. Review aims 
This is an exploratory review which includes only literature that has separated natural 
sounds from visual or other elements. Due to the methodology of the current relevant 
literature being heterogeneous in nature, this review aims to provide a narrative 
summary of the current research, to better understand the evidence for and against 
possible benefits of natural sounds on mental well-being. In this review, mental well-
being is conceptualized as the absence of presentations such as mental ‘disorders’, 
‘stress’ and ‘anxiety’, as-well-as the presence of positive ‘mental-health’, 
good/increased ‘mood’ and ‘cognition’ (Cloninger, 2006; Keyes, 2006; Slade, 2010; 
Bratman et al., 2012). Natural sound is conceptualized as sounds linked to ‘nature’ 
and the natural ‘soundscape’ (Pijanowski, et al., 2011). This review will highlight the 
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range of measures /methodologies used and make recommendations for increasing 
the rigour of future studies and clinical applications.  
This review examines the quantity of evidence for the possible beneficial effects of 
listening to nature-sounds on mental well-being. It examines what well-being 
indicators have been studied, what sounds have been used and what types of sounds 
generate different types of benefits. It also examines the quality of the evidence by 
assessing the study designs using the Mixed Methods Appraisal Tool (MMAT) (Pluye, 
et al. 2011).  
1.4.1. Review questions  
Q1. In what domains of mental well-being have the effects of nature-sounds been 
measured in current literature? 
- How can they be categorized and what can be understood from these 
that may inform clinical applications and future research? 
Q2. Does the collective literature indicate that sounds of nature impact on these 
mental well-being domains?  
- What types of sound have what types of effect on mental well-being?  
All of the above reviews cited problems with extrapolating results and causality due 
to methodological differences and the complexities surrounding the many different 
possible mechanisms by which nature and green space might be beneficial. Keniger 
et al. (2013) takes a more narrative approach rather than using a meta-analysis or 
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strictly statistical model and is therefore able to explore theories using a more 
qualitative perspective which makes links that may aid further exploration. A 
systematic review would be constrained by the limited range of current literature and 
its heterogeneity. Therefore, this review will take a narrative approach to allow the 
inclusion of a range of studies and variety of measures used.     
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2. Method 
2.1. Search strategy 
The search for relevant literature was carried out on the 2nd March 2018 and included 
the following databases as they cover a wide range of journals: Web of Science, 
PubMed, PsycINFO, PsycARTICLES and the Psychology and Behavioral Sciences 
Collection. A Boolean search strategy was used with the search terms: ‘nature’; 
‘sound’ and ‘well-being’ which are key terms extracted from reviewing the current 
literature. This resulted in the search string: TI=(nature* OR natural*) AND TI=(sound* 
OR soundscape*) AND TI=(Stress* OR mental health* OR disorder* Or restoration* 
OR mood* OR anxiety* OR well-being* OR cognition*). The titles only were searched 
for these key terms when using Web of Science due to a very large number of results 
(4,532), whereas titles and abstracts were searched via PsycINFO, PsycARTICLES and 
the Psychology and Behavioural Sciences Collection, with all areas being searched in 
PubMed due to their search capabilities and the numbers retrieved. Article titles were 
read first to assess the extent that they met the inclusion criteria, the abstracts of 
those that did were then examined. When it was not clear if an article might meet 
criteria it was examined further to reduce the risk of missing potentially relevant 
articles.  All references in the articles selected were then examined for any relevant 
but missed studies. 
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2.2. Inclusion and exclusion criteria 
The articles included in this review were chosen based on the following criteria: they 
all assessed the impact of natural/nature-sounds on human mental well-being in 
some form; the nature-sounds must have been recorded from real natural 
environments; any other elements such as images of nature were controlled for so 
that the impact of sound could be assessed separately. Both quantitative 
experimental designs and qualitative methods were included in the search, and 
although mixed method reviews have been criticised as being less descriptive (Atkins, 
Launiala, Kagaha & Smith, 2012), they have also been reported to be 
methodologically inclusive which provides a more accessible synthesis of evidence. 
This is reported as being especially beneficial in healthcare due to the range of 
methodological contexts that tend to be found in healthcare related research 
(Sandelowski, Leeman, Knafl, & Crandell, 2012). Studies that provided only 
physiological data were also included when the data provided an indication of 
psychological variables such as stress and agitation. Unpublished theses were not 
included as they would not have been through the peer review process that aims to 
reduce potentially flawed studies (Gannon, 2001). However, it is acknowledged that 
this may result in novel research being excluded. Books were also not included in the 
search. No date restrictions were imposed on the search. During the first round of 
searches, article titles were assessed for relevance to the review criteria, and obvious 
replications of search results. Following this a more thorough assessment of abstracts 
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and methodology was carried out which produced the final set of articles included in 
this review.  
2.3. Study selection 
Following the search, the total number of seemingly relevant articles was 1700, when 
duplicate records were removed there were 1325 remaining. The titles of these were 
then assessed for relevance resulting in a potential 222 articles. Of these, 116 were 
ruled out upon reading, as they did not meet criteria, leaving 106 potential articles. 
All reference lists for these were examined leading to the addition of a further five 
articles. Reference lists for these five articles were also examined providing one more 
article, whose reference list that did not generate any new papers. This total of 111 
articles were then further examined against the inclusion and exclusion criteria. Of 
these, seven were discounted due to being unpublished theses (reason 1), and five 
articles were discounted due to them being poorly translated and written in a non-
standardised format leading to an inability to compare the methodology and results 
to other articles (reason 2). Fifty-four articles were discounted as they did not 
differentiate sounds from other aspects of experiencing nature (reason 3), and six 
articles were discounted as the sounds were artificially created and not true 
recordings of nature (reason 4). A further 23 articles were discounted as they 
measured elements not directly related to mental well-being, measuring for example: 
creativity or sound preferences (reason 5). This resulted in 16 articles to be examined 
and included in the review (detailed in figure 1.). 
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2.4. Data synthesis 
Basic information from the articles that met review criteria is detailed in two tables: 
Table 2. includes details about participants, methodology, research aim, outcome 
measures; and Table 3. describes main findings, types of natural sounds used and 
limitations. Further details such as participant recruitment, demographics, study 
procedure and types of sounds used are summarized in table 2.  Studies will be 
grouped according to outcome measures used (see section 3), which will highlight the 
categories of well-being domains in which the effect of nature-sounds on well-being 
have been measured. 
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2.5. Quality assessment 
The Mixed Methods Appraisal Tool (MMAT) was chosen to support the assessment 
of the quality of the articles included in this study (Appendix 2.) (Pluye, et al., 2011). 
This was chosen as it allows the assessment of both quantitative and qualitative 
designs within the same checklist, and it has been shown to be valid and reliable 
(Crowe & Sheppard, 2011; Pace, Pluye, Bartlett, Macaulay, Salaberg, Jagosh, & Seller, 
2012). This tool assessed four criteria depending on the study design. For qualitative 
studies the criteria are: relevance of data to research question, relevance of analysing 
process to research question, consideration of findings and the context of data 
collection, and consideration of how findings relate to researchers influence. For 
quantitative RCTs the criteria are: Description of randomization, description of 
allocation concealment, complete outcome data and low dropout. For quantitative 
non-RCTs the criteria are: recruitment of participants, appropriateness of 
measurements, comparable samples across groups and complete outcome data. This 
tool provides a score of between zero and four with higher scores indicating a higher 
level of design quality. Quantitative RCT studies were assessed across both sets of 
quantitative criteria to provide the most accurate assessment. Scores for these 
studies were limited to the lowest score across one set of criteria (for example, if a 
study met three out of four for the RCT criteria but four for the non-RCT criteria it 
would get an overall score of three, as described in the tools guidelines). The output 
from using this tool then supported the evaluation of the articles in a narrative format 
(see Table 1. below for MMAT outcomes).  
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Table 1. outcome from assessment with the Mixed Methods Appraisal Tool (MMAT) 
 
 
 
 
 
 
 
 
 
CT =  cannot tell from the information provided. 
Part =  criteria met in part. 
* =  25 % of criteria met 
** =  50 % of criteria met 
*** =  75 % of criteria met 
**** =  100 % of criteria met 
 
See appendix 2 for descriptions criteria A, B, 1.1 – 3.4 and appendix 3 for the descriptions of deviations within the individual articles. 
 
 
Study Screening Qs 
all 
Qualitative Quantitative – RCT Quantitative – non RCT Rating 
A B 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.1 3.2 3.3 3.4  
Aghaie et al, 2014 (1) Yes Yes - - - - CT CT Yes Yes CT Yes Yes Yes ** 
Alvarsson et al, 2010 (2) Yes Yes - - - - - - - - CT Yes Yes Yes *** 
Amiri et al, 2017 (3) Yes Yes - - - - Yes Yes Yes Yes Yes Yes Yes Yes **** 
Arai et al, 2008 (4) Yes Yes - - - - Yes CT Yes Yes CT Yes Yes Yes *** 
Benfield et al, 2014 (5) Yes Yes - - - - - - - - CT Yes Yes Yes *** 
Cerwén et al, 2016 (6) Yes Yes Yes Yes Yes Part - - - - - - - - *** 
Demet et al, 2017 (7) Yes Yes - - - - Yes CT Yes Yes CT Yes Yes Yes *** 
Emfield et al, 2014 (8) Yes Yes - - - - - - - - CT Yes Yes Yes *** 
Gould van Praag et al, 2017 (9) Yes Yes - - - - - - - - CT Yes Yes Yes *** 
Jahncke et al, 2015 (10) Yes Yes - - - - - - - - CT Yes Yes Yes *** 
Krzywicka et al, 2017 (11) Yes Yes - - - - Yes CT Yes Yes CT Yes Yes Yes *** 
Largo-Wight et al, 2016 (12) Yes Yes - - - - CT Yes Yes Yes CT Yes Yes Yes *** 
Medvedev et al, 2015 (13) Yes Yes - - - - - - - - CT Yes Yes Yes *** 
Ratcliff et al, 2013 (14) Yes Yes Yes Yes Yes No - - - - - - - - *** 
Saadatman et al, 2013 (15) Yes Yes - - - - CT Yes Yes Yes Yes Yes Yes Yes *** 
Tsuchiya et al, 2003 (16) Yes Yes - - - - Yes Yes Yes Yes CT Yes Yes Yes *** 
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Table 2. descriptions of design, aim, sample and outcomes for studies included in the review on nature-sounds and mental well-being 
Author Research Design Aims Sample Sample 
Characteristics * 
Outcome measures 
1. Aghaie, Rejeh, 
Heravi-Karimooi, 
Ebadi, Moradian, 
Vaismoradi, & 
Jasper (2014) 
Quantitative 
 
Between-
participants 
design 
RCT 
To examine the effect of 
nature-sounds on agitation 
and anxiety during weaning 
of ventilation. 
120 patients recovering 
from coronary artery 
bypass graft surgery in 
Tehran, Iran. 
Mean age: 57.3 
years 
Age range: 45-65 
years 
54 female, 66 male 
Faces Anxiety Scale (FAS) 
(McKinley, Coote, & Stein-
Parbury, (2003), 
Richmond Agitation Sedation 
Scale (RASS) (Sessler, et al., 
2002; 
Haemodynamic variables: 
systolic BP, diastolic BP, heart 
rate, respiratory rate, mean 
arterial pressure and oxygen 
saturation. 
 
2. Alvarsson, 
Wiens, & Nilsson 
(2010) 
Quantitative 
 
Within-
participants 
design 
Repeated 
measures 
To examine the effects of 
sounds of nature and four 
different noisy 
environments (silence, high 
noise, low noise and 
ambient) on physiological 
recovery after stressful 
arithmetic tests. 
 
40 participants in 
Sweden all with 
hearing thresholds 
below 25 dB in best 
ear. 
 
 
Mean age: 27 years 
24 female, 18 male 
Skin Conductance level and 
heart rate. 
3. Amiri, Sadeghi, 
& Negahban 
Bonabi (2017) 
Quantitative 
 
Between-
participants 
design 
RCT 
 
To examine the effects of 
natural sounds on anxiety in 
patients undergoing 
coronary artery bypass graft 
surgery 
 
90 participants who 
were candidates for 
the graft surgery in Iran 
Mean age: nature 
group - 58.61 years; 
control group - 
57.71 years  
34 female, 56 male 
 
State-Trait Anxiety Inventory for 
Adults (STAI-AD). 
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4. Arai, Sakakibara, 
Ito, Oshima, 
Sakakibara, Nishi, 
Hibino, Niwa, & 
Kuniyoshi (2008) 
Quantitative 
 
Between-
participants 
design 
RCT 
 
To examine the impact 
nature-sounds have on 
salivary amylase in patients 
undergoing inguinal hernia 
repair under epidural 
anesthesia. 
 
32 participants in 
Japan, 16 in each of the 
two conditions: 
Nature-sounds and 
control. 
Mean age: Nature 
group - 66 years, 
control group – 60 
years 
5 female, 29 male 
Salivary amylase activity. 
5. Benfield, Taff, 
Newman, & Smyth 
(2014) 
Quantitative 
 
Between-
participants 
design 
Comparison 
groups 
To compare the effect of 
nature-sounds alone, with 
mixed nature/traffic 
sounds, on mood following 
an unsettling video. 
 
133 undergraduate 
students in 
Pennsylvania, USA 
divided into one of four 
conditions: nature-
sounds, nature-sounds 
+ voices, nature-sounds 
+ traffic and silence. 
 
Mean age: 19.09 
years 
72 female, 61 male 
54.1% White 
Brief Mood Introspective Scale 
that produced 3 aggregates: 
Pleasant-Unpleasant, Positive-
Tired, Negative-Relaxed (Mayer 
& Gaschke, 1988). 
6. Cerwén, 
Pedersen, & 
Pálsdóttir, (2016) 
Qualitative 
 
Interpretive 
phenomenological 
analysis (IPA) 
To explore the role of 
nature in rehabilitation with 
people undergoing 12-week 
therapy program in rehab 
garden due to stress related 
mental health problems. 
 
59 participants in 
Sweden. 
Age range: 25-62 
years 
85 % female 
 
Semi-structured interview 
schedule was developed for this 
study. 
7. Demet, Kumas, 
Odabasioglu, & 
Kaya (2017) 
Quantitative 
 
Between-
participants 
design 
RCT 
To examine the impact of 
nature-sounds and a gown 
specially designed to offer 
more privacy, on the 
anxiety levels of women 
undertaking a gynecological 
exam. 
 
120 female participants 
in Turkey, divided into 
four conditions: 
Sounds, gown, sounds 
+ gown and control. 
Mean age: between 
33.57 – 34.57 
(across groups) 
Age range: 18-55 
years 100% female 
Status Anxiety Inventory Form 
(STAI, A-State) (Spielberger, et 
al., 1983). 
8. Emfield, & 
Neider (2014) 
Quantitative 
 
To examine the effect of 
different environmental 
202 participants in 
Florida, USA randomly 
Mean age: 19.8 
years 
Positive and Negative Affect 
Scale (PANAS) (Watson & Clark, 
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Between-
participants 
design 
Comparison 
groups 
sounds (ocean Vs urban 
city), images (ocean Vs 
urban city), and 
combinations of these on 
restoration following 
cognitive fatigue. 
assigned to one of 
seven conditions: 
Urban sounds, nature-
sounds, urban images, 
nature images, nature-
sounds + images, urban 
sounds + images and 
control. 
 
128 female, 74 
male 
1988); backwards digit span, 
ANT task (Fan et al., 2002, 
2005), Functional Field of View 
task (FFOV) (Mackworth, 1965). 
9. Gould van Praag, 
Garfinkel, Sparasci, 
Mees, Philippides, 
Ware, Ottaviani, & 
Critchley (2017) 
Quantitative 
 
Within-
participants 
design 
Repeated 
measures 
fMRI 
 
 
To compare default mode 
network activation, during 
nature and non-nature-
sounds (both familiar and 
unfamiliar) in order to look 
for neurological evidence 
for either ART or SRT. 
17 volunteer 
participants in the UK 
 
Mean age: 26 years 
Age range: 31-34 
 
fMRI data; reaction times on 
cognitive task; subjective 
reports of attention: task 
engagement, rumination, 
distraction by thoughts and 
soundscapes; heart rate and 
heart rate variability. 
 
10. Jahncke, 
Eriksson, & Naula 
(2015) 
Quantitative 
 
Within-
participants 
design 
Repeated 
measures 
 
To examine how different 
sounds (nature, quiet, 
broadband noise and office 
noise) impact on perceived 
restorative qualities, 
restoration likelihood and 
attitude of images of open 
plan office and urban 
nature. 
 
49 participants 
originally recruited 
from the University of 
Gavle in Sweden, 
however only data 
from 40 was used. 
Only Information 
for the original 49 
participants was 
provided 
 
Mean age: 24.1 
years 
27 female, 22 male 
13 statements assessing 
perceived restorative qualities, 
restoration likelihood and 
attitude measured on a 7-point 
Likert scale. 
11. Krzywicka & 
Byrka (2017) 
Study 1: 
Quantitative 
 
To examine the perceived 
restorative qualities of 22 
natural and 22 urban 
sounds. 
88 volunteer 
participants from 
University of Social 
Mean age: 26.74 
years 
Age range: 19-44 
78 % women 
Rated positivity/negativity of 
sound via Elevated Space Grid 
(Larsen et al., 2009), stated if 
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Between-
participants 
design 
 
Study 2: 
Quantitative 
 
Between-
participants 
design 
 
 
 
 
 
To compare top five natural 
with top five urban sounds 
for restorativeness when 
either relaxed or fatigued 
(imagined). 
 
Sciences and 
Humanities in Sweden 
 
 
120 volunteer 
participants from 
University of Social 
Sciences and 
Humanities in Sweden 
 
 
 
 
 
Mean age: 25.41 
years 
Age range: 18-51 
78 % women 
sound was recognised and rated 
restorativeness. 
 
 
Current state (eight item likert 
scale), restorative and pleasant 
qualities of sound (19 item likert 
scale). 
12. Largo-Wight, 
O’Hara, & Chen 
(2016) 
Quantitative 
 
Between-
participants 
design 
RCT 
To examine the effect of 
nature-sounds, classical 
music and silence on 
various physiological 
measurements and stress, 
following a stressor. 
 
Convenience sample of 
40 student participants 
in Florida, USA split 
into three conditions: 
nature-sounds, music 
and silence. 
Mean age: 22 years 
35 female, 5 male 
Muscle tension: 
electromyogram, pulse rate, 
self-reported stress levels on a 
10-point analog scale. 
13. Medvedev, 
Shepherd, & 
Hautus, M. (2015) 
Study1: 
Quantitative 
 
Within-
participants 
design 
Repeated 
measures 
 
Study 2: 
Quantitative 
  
Within-
participants 
design 
Study 1: to examine the 
impact of different sounds 
(ocean, traffic, birdsong, 
construction and silence) on 
recovery, after undergoing 
cognitive stress tasks. 
 
 
 
Study 2: to examine the 
impact of different sounds 
on autonomic function at 
rest. 
Study 1: 45 
 
Convenience sample of 
students and staff in a 
university in New 
Zealand. 
 
  
 
Study 2: 30 
 
Convenience sample of 
students and staff in a 
university in New 
Zealand. 
Study 1:  
Mean age: 29.4 
years 
25 female, 20 male 
 
 
 
 
 
Study 2: 
Mean age: 32.7 
years 
16 female, 14 male 
Study 1 and 2: cardiac activity 
(ECG); skin conductance levels 
and heart rate; ratings of 
pleasantness, arousal, 
Familiarity, eventfulness and 
dominance on a 7-point Likert 
scale. 
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Repeated 
measures 
 
 
14. Ratcliff, 
Gatersleben, & 
Sowden (2013) 
Qualitative 
 
Thematic content 
analysis (TCA) 
To investigate the 
relationship between bird 
sounds and perceived 
attention restoration via 
semi-structured interview 
and thematic analysis. 
 
20 self-selecting 
participants in the 
South East of England 
Mean age: 49.5 
years 
Age range: 22-74 
years 
10 female, 10 male 
Semi-structured interview 
schedule was developed for this 
study. 
15. Saadatmand, 
Rejeh, Heravi-
Karimooi, Tadrisi, 
Zayeri, Vaismoradi, 
& Jasper (2013) 
Quantitative 
 
Between-
participants 
design 
RCT 
To examine if sounds of 
nature can relieve anxiety, 
agitation and stress on 
patients under mechanical 
ventilator support better 
than care as usual? 
 
60 hospital patients on 
a mechanical ventilator 
in Tehran, Iran, split 
into two conditions 
equally. 
Age range: 18-65 
years 
26 female, 34 male 
Faces Anxiety Scale (FAS) 
(McKinley, et al., 2003); 
Richmond Agitation Sedation 
Scale (Sessler, et al., 2002); 
heart rate and blood pressure. 
 
16. Tsuchiya, 
Asada, Ryo, Noda, 
Hashino, Sato, & 
Inoue (2003) 
Quantitative 
 
Between-
participants 
design 
RCT 
To examine the impact 
nature-sounds have on 
haemodynamic change and 
acceptability of anesthetic 
practice in laparoscopic 
cholecystectomy patients 
undergoing general 
anesthesia 
59 hospital patients in 
Japan divided into two 
groups, 29 listened to 
nature-sounds with 30 
in the control group. 
Mean age: 66 years 
Age range: 57-75 
years. 
No information 
about sample 
gender. 
Haemodynamic changes 
BP and HR changes and 
perceived acceptability of 
experience of anesthesia post-
op on 10-point analogue scale. 
 
*Missing sample characteristic due to lack of reported data in some articles 
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Table 3. Main findings and limitations for all studies included in the review on nature-sounds and mental well-being 
Author Results Limitations 
Main findings Types of nature 
sound 
 
1. Aghaie, Rejeh, 
Heravi-Karimooi, 
Ebadi, Moradian, 
Vaismoradi, & 
Jasper (2014) 
 
There were significant differences between groups in 
blood O2, arterial pressures, systolic and diastolic BP, 
with all starting lower but ending higher in the 
intervention group. There was a significant difference 
between groups in HR, respiratory rate, anxiety and 
agitation levels with the intervention group starting 
and ending lower.  
 
Choice of sounds: 
birdsong, rain, 
river, waterfall or 
forest sounds – 
no data regarding 
different sounds 
and their effects 
There is limited generalizability from sample as it is very 
specific. Lack of statistics provided. The procedure is not 
clear and could not be repeated from this paper alone. 
There is limited explanation about the physiological 
measurements and what the results indicate. Mixed 
physiological results. 
 
2. Alvarsson, 
Wiens, & Nilsson 
(2010) 
 
Skin conductance level (SCL) recovered faster and was 
lower during nature sound when compared to high 
noise. 
There was no difference in heart rate. 
Mix of sounds 
from a fountain 
and tweeting 
birds 
There is limited diversity in the sample e.g. self-selected 
university students. It is not clear if stressor has been 
tested for validity. The nature-sounds were deliberately 
chosen to be more pleasant than the high noise sounds 
which makes it difficult to determine if the results are due 
to the sounds being nature-based or just more pleasant.  
There was no subjective rating of stress included. 
 
3. Amiri, Sadeghi, & 
Negahban Bonabi 
(2017) 
 
The group hearing nature-sounds showed a 
significantly reduced anxiety level following the 
intervention. The control group showed an increased 
anxiety level. 
  
Mix of birds’ 
chirping, the sea, 
river, the jungle 
and rain. 
The limited sample will impact on generalization of results, 
e.g. cultural impacts. The paper is poorly 
written/translated. The results were not clearly explained, 
and the small difference seen between the groups not 
discussed. 
 
4. Arai, Sakakibara, 
Ito, Oshima, 
Sakakibara,  Nishi, 
Hibino, Niwa, & 
Kuniyoshi (2008) 
 
The group hearing intra-operative nature-sounds 
exhibited significantly decreased salivary amylase 
activity at wound closure when compared to control 
group. 
Wind in the trees 
and birdsong 
Small sample size and very specific. There is no subjective 
stress measure included; the reason given was that 
patients may “fail to reliably report [their own distress]”. 
This is a very short paper with very limited detail and very 
few statistics. 
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5. Benfield, Taff, 
Newman, & Smyth 
(2014) 
 
Those in natural only group showed significantly 
greater mood recovery on pleasant - unpleasant 
subscale (with the positive – tired subscale showing a 
non-significant trend in the same direction) than 
those in comparison groups.  
Wind in the trees 
and birdsong 
There was a lack of explanation relating to what the 
measures/subscales represent and what 
increases/decreases in them mean. There was no 
discussion of validity or reliability of the BMI measure, 
although it has been shown to be valid and reliable (Mayer 
& Gaschke, 2013). There is limited discussion about the 
clinical implications of the results, including what the 
subscales relate to. No explanation of the method used for 
scoring the BMI. 
 
6. Cerwén, 
Pedersen, & 
Pálsdóttir, (2016) 
Three main sound types were identified: natural 
sounds which were frequently referred to as pleasant 
and quiet, as supporting recovery, awakening 
memories and inducing soft fascination; technological 
sounds which were predominantly referred to as 
disturbing; and human sounds which produced both 
positive and negative references, although a variety of 
sounds seems to be preferred overall. There were 
individual differences in the way sounds were 
perceived, and in the thoughts and emotions 
generated from them. 
 
Wind through 
vegetation, 
running water 
and birdsong. 
The study itself did not provide any limitations. There was 
limited consideration given to the impact that the 
researchers’ perspectives might have had on the 
participants responses.   
7. Demet, Kumas, 
Odabasioglu, & 
Kaya (2017) 
 
There was a significant reduction in anxiety after the 
procedure for all experimental groups (but not the 
control group). The largest effect was seen in the 
group with both sounds and gown, and all 
experimental groups were significantly different to 
the control group. 
 
Choice of birds, 
the sea, forest 
and rain – no data 
regarding 
different sounds 
and their effects 
 
The limited sample will impact on generalization of results, 
e.g. cultural impacts. Does not provide validity and 
reliability information regarding STAI (A-State). 
 
8. Emfield, & 
Neider (2014) 
 
Nature-sounds rated more relaxing than urban 
sounds. None of the conditions had an impact on 
performance on the cognitive tasks or PANAS scores. 
However, over all conditions there was a reduction 
Waves on a beach 
with light breeze 
and seagulls 
A complex design which may have been too draining for 
participants. There was also minimal time looking at 
images or listening to sounds which may not have allowed 
enough restoration considering the fatigue. Lab settings 
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positive affect which was theorized to be from fatigue, 
and not effected by condition. 
 
may also contribute to lack of impact. Due to the design it 
is not clear if attention has been isolated clearly, leading to 
the possibility that the fatigue seen is more widely spread 
than relating to attention alone. Validity and reliability of 
PANAS not discussed in paper, although has been shown to 
be so (Crawford & Henry, 2010) 
 
9. Gould van Praag, 
Garfinkel, Sparasci, 
Mees, Philippides, 
Ware, Ottaviani, & 
Critchley (2017) 
 
There were significantly longer reaction times for the 
artificial Vs natural conditions, especially when the 
sounds were familiar. The natural conditions were 
rated as most pleasant and least intense. This partially 
supports ART. 
 
There was no main effect of soundscape on heart 
rate, but a significant increase in peak frequency of 
the high frequency band (HF) indicating increased 
parasympathetic NS activity in natural conditions. 
Those with high baseline HF showed an increase in 
parasympathetic activity and those with a low 
baseline HF showed the opposite pattern in the 
natural condition.  
 
There was a significant increase in activity in the 
middle insula of the left hemisphere, increase in 
connectivity between PCC and precuneus and 
decrease between PCC and medial prefrontal cortex in 
the natural Vs artificial condition. This pattern 
supports SRT, especially as effects are present when 
perception of sounds is controlled for. 
 
No description of 
the sounds used. 
This is a complex study and parts are difficult to 
understand without neuropsychology/neuroscience 
experience/training.   
 
fMRI studies have been criticised for being prone to errors 
due to various extraneous factors (Brett, Johnsrude, & 
Owne, 2002; Power, Schlaggar, & Peterson, 2015). 
 
The paper does not offer any limitations. 
10. Jahncke, 
Eriksson, & Naula 
(2015) 
The Urban nature images were rated higher on all 
items than the office images. The nature-sounds were 
rated higher for fascinating properties and the being 
Wind in the trees 
and birdsong. 
Required participants to imagine many things including 
being fatigued, looking out a window, sitting for 20 mins 
and then guessing how restorative stimuli are. This makes 
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 away questions. Likelihood of restoration was 
significantly higher in the nature-sounds condition and 
nature-sounds were shown to be experienced most 
positively. 
generalizing to real situations difficult and introduces the 
possibility of differences that can’t be seen by the 
researchers, e.g. strength of imagery for participants. It 
does not separate retrospective feelings and current 
feelings (of restorativeness). It is a complex and lengthy 
procedure with many stimuli and questions which may 
lead to boredom. The short viewing period of 60 seconds 
for each stimulus may not be long enough for real 
restoration effects to show. 
 
11. Krzywicka & 
Byrka (2017) 
 
Study 1: Natural sounds perceived more positively 
and restorative than urban sounds with ratings being 
positively correlated with each other. Most sounds 
were recognised well.  
 
 
 
 
Study 2: Current state ratings were impacted by 
imagining being relaxed or fatigued. Natural sounds 
preferred over urban sounds and perceived as more 
restorative, no effect found for imagined state. 
 
Top nature 
sounds: robin and 
river; wren and 
stream; blackbird 
and clearing; sea; 
blackcap and 
woods. 
 
As above. 
 
Limited variety of sounds due to recreating the sounds 
used in previous research, and due to this, some sounds 
that might have been rated positively were not included 
(e.g. sports arenas). Requiring participants to imagine 
walking, rather than actually walk might have impacted the 
results, especially as some of the settings would normally 
involve engagement in other activities than just walking. 
Similarly, asking participants to imagine being fatigued may 
provide different results when compared to actively 
fatiguing participants through a task. Collecting data on 
mood/current state following the imagined walk may also 
provide information on actual rather than just perceived 
restorativeness. 
 
12. Largo-Wight, 
O’Hara, & Chen 
(2016) 
 
There were no significant differences between groups 
on analysis, but there was a significant difference 
within the nature group, who showed reduction on all 
three measures (pulse rate, muscle tension and self-
reported stress), neither of the other groups showed 
any change. 
 
Ocean waves. This is a small and limited sample which may impact on 
generalizability. A lack of stressor makes it difficult to 
determine what type of stress might be being relieved 
(acute/chronic). 
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13. Medvedev, 
Shepherd, & 
Hautus, (2015) 
 
Study 1: the natural sounds were significantly more 
arousing and pleasant, and less dominant and 
eventful than non-natural sounds. There was no 
difference in the physiological responses across 
sounds. However, skin conductance levels decreased 
significantly faster when sounds were rated as more 
pleasant, familiar and less eventful, which nature-
sounds were. 
 
Study 2: the natural sounds and music were rated 
higher on pleasantness and lower on dominance and 
eventfulness than the non-natural sounds. There was 
no effect of sounds on physiological response. 
However, the sounds rated least pleasant and familiar 
and most dominant were associated with significantly 
larger skin conductance level increases. 
 
Forest birdsong, 
the sea. The sea 
was rated as 
more familiar. 
 
 
 
 
 
Forest birdsong, 
the sea. The sea 
was rated as 
more dominant 
and less pleasant 
than birdsong 
The study mentions that its method may impact on 
external validity as it is in a lab setting. There is no way of 
knowing how much stress each individual started the 
experiment experiencing and how this might impact 
restoration. There were also very few statistics provided in 
the paper.  
 
 
 
There was indirect evidence for nature-sounds lowering 
skin conductance levels, as nature-sounds were more likely 
to be rated pleasant and least dominant. 
  
14. Ratcliff, 
Gatersleben, & 
Sowden (2013) 
In general, bird song was the most mentioned natural 
sound and was predicted to be a good method of 
restoring attention, although this was impacted by 
affinity with nature, personal identity, acoustics and 
aesthetics, type of bird and, positive and negative 
associations. 
 
Different types of 
birdsong resulted 
in different 
perceptions of its 
restorativeness  
The volunteer sample impacts on generalizability. 
 
The use of imagined stress and fatigue may be very 
different to real stress and fatigue, which again impacts on 
generalizability. 
 
15. Saadatmand, 
Rejeh, Heravi-
Karimooi, Tadrisi, 
Zayeri, Vaismoradi, 
& Jasper (2013) 
 
The nature group showed lower systolic and diastolic 
BP, HR and RR anxiety and agitation levels in than 
controls, over time. The effects were also 
accumulative (Measured at 30th, 60th and 90th min of 
intervention and 30 min after, with rates decreasing 
consecutively). 
 
Choice of 
birdsong, rain, 
river, waterfall or 
forest sounds – 
no data regarding 
different sounds 
and their effects. 
 
This is a limited and specific sample which may impact on 
generalizability. There are a lack of statistics provided 
within the paper. There is no discussion of the mechanisms 
that might be driving the results. 
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16. Tsuchiya, 
Asada, Ryo, Noda, 
Hashino, Sato, & 
Inoue (2003) 
 
The sound group had significantly lower BP and HR 
post-op, also they requested significantly lower doses 
of antihypertensive medication. The sound group 
perceived the experience of anasthesia as significantly 
more acceptable than controls. 
Choice of stream, 
soft wind and 
birdsong – no 
data regarding 
different sounds 
and their effects. 
Fairly small sample size that is very specific. Lack of 
statistics provided within the paper. There was only a 
reduction in HR and BP at two out of the seven 
measurement points for the intervention group, both post-
surgery. 
129 
 
 
2.6. Description of studies 
2.6.1. Sampling and participants 
There were many different populations and methods of sampling used within the 
studies including seven articles that recruited university students via opportunistic 
and self-selected means (2,5,8,10,11,12,13). One article recruited its participants 
through ‘direct contact via research institutions’ (4), and three articles stated that 
volunteers were recruited via online adverts and flyers (9,11,13). All six of the articles 
involving medical patients used convenience sampling (1,3,4,7,14,15), although, it is 
not generally clear how patients were asked as limited details have been provided. 
One article used data that had been collected in a previous study (Palsdottir, Persson, 
Persson, & Grahn, 2014) (not included in this review as it does not meet the criteria) 
whose psychiatric sample had participated in a 12-week nature-based rehabilitation 
programme (6). Neither article stated how patients were approached or how they 
consented to participation. All articles used a mixture of male and female participants 
apart from one that used only female participants (7), due to the article examining 
the impact of natural sounds on gynecological patients. The articles drew participants 
from seven different countries: Iran (1,3,14); Sweden (2,6,10,11); Japan (4,15); USA 
(5,8,11); Turkey (7); UK (9,13); and New Zealand (12). The mean age of the 
participants ranged from 20 to 74 across the studies.  
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2.6.2. Methodology 
There were two articles that used a qualitative approach, one of which used Thematic 
Content Analysis (TCA) (13) with the other using Interpretive Phenomenological 
Analysis (IPA) (6). All other studies used quantitative methods with four of them being 
within-participants designs (2,9,10,12) and ten being between-participants designs 
(1,3,4,5,7,8,19,11,14,15,16). 
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3. Results 
3.1. Review findings 
Table 4. Studies examined, their outcome measures and the direction of findings 
 
3.1.1. Study categorization/domains of well-being 
The studies examined various outcome measures to understand what effects nature-
sounds might have on mental wellbeing. As outlined in section 2.4. grouping of 
studies according to outcome measure used resulted in the emergence of clear 
categories. These were: mood (measures that examined self-reported mood ratings) 
(5,8); anxiety and stress (measures that examined self-reported and observed anxiety 
and stress ratings, directly and indirectly), objectively rated by the investigator in 
eight (1,2,4,9,11,12,14,15); subjectively rated by participants in three (3,7,11); and 
one qualitative study (6); perception of sounds (measures that considered how 
Design Study Outcome measure/mental well-being domain 
Anxiety 
And stress 
Mood Perception 
of sounds 
Cognitive 
effects 
Qualitative Cerwén et al, 2016 (6) +  +  
Ratcliff et al, 2013 (13)   +  
Quantitative Aghaie et al, 2014 (1) +    
Alvarsson et al, 2010 (2) +    
Amiri et al, 2017 (3) +    
Arai et al, 2008 (4) +    
Benfield et al, 2014 (5)  +   
Demet et al, 2017 (7) +    
Emfield et al, 2014 (8)  = + = 
Gould van Praag et al, 2017 (9) +/=  + + 
Jahncke et al, 2015 (10)   +  
Krzywicka & Byrka, 2017 (11)   +  
Largo-Wight et al, 2016 (12) +    
Medvedev et al, 2015 (14) =  +  
Saadatman et al, 2013 (15) +/=    
Tsuchiya et al, 2003 (16) +  +  
+ results indicate an effect of nature-sounds on outcome measure 
= results indicate no effect 
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participants perceived sounds and their restorative abilities) either using a qualitative 
method (6,13) or quantitatively (8,9,10,11,12,15); cognitive effects (measures 
examining attention and cognitive restoration) (8,9). Table 4 details which studies 
included outcome measures in each domain and whether there was an effect or not 
of nature-sounds. The volume of evidence indicated that the effect was largest for 
anxiety and stress, followed by the perception of sounds, with a smaller quantity of 
evidence indicating an effect on mood and cognition. Therefore, effects of nature-
sounds can be found in all four domains of mental well-being measured in current 
literature. The quality, strength and direction of these effects will be discussed further 
below, with clinical applications and future implications considered in the discussion. 
3.2. Article findings 
Qualitative and quantitative papers will be discussed separately, with results 
synthesized in the discussion. Some articles measured several outcomes which are 
discussed within their relevant category.  
3.2.1. Qualitative articles 
3.2.1.1. Anxiety and Stress 
 
Only one qualitative study examined the effect of nature-sounds on anxiety and stress 
recovery, via interviewing people undergoing nature-based rehabilitation following 
mental health difficulties (6). It found that when nature-sounds were mentioned they 
were mostly described as pleasant and anxiety reducing. They found that artificial 
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sounds tended to be described negatively and as disturbing, with human sounds 
being described in both positive and negative ways. 
3.2.1.2. Perceived effects 
 
Both qualitative articles specifically examined individuals’ perception of what is 
restorative, both via their qualitative methodology and the focus of the interviews. 
They both found that their participants perceived nature-sounds to be more 
restorative than other sounds, either human or artificial. Ratcliffe et al., (2013) found 
that bird song was the natural sound most commonly perceived to be restorative, 
specifically when attention was concerned. However, they also found that the 
perception of restorativeness was dependent on the type of birdsong. 
In summary, qualitative studies have examined effects of nature-sounds on stress and 
anxiety, and perceived restorativeness. They indicate that individuals found nature-
sounds relaxing and perceive them to be anxiety reducing and attentionally 
restorative, particularly when certain types of birdsong are present. 
3.2.2. Quantitative articles 
3.2.2.1. Anxiety and Stress 
 
Six studies examined the impact of nature-sounds on anxiety, via three different 
quantitative measures: The Faces Anxiety Scale (FAS); the Status Anxiety Inventory 
Form (STAI, A-State), a ten-point analogue scale, and fMRI. Five studies found that 
nature-sounds led to lower anxiety levels when compared to controls. Four of these 
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used nature-sound interventions in hospital patients undergoing procedures or 
surgery (1,3,7,14); one induced stress in a non-clinical sample and measured the 
effect of nature-sounds on relieving it (11). The fMRI data indicated that familiar 
nature-sounds were associated with parasympathetic nervous system (PNS) 
activation, and non-nature familiar sounds were associated with sympathetic nervous 
system (SNS) activation (9), which provides theoretical support for nature-sounds’ 
beneficial impact on anxiety and stress levels. All seven studies provide supporting 
evidence that nature-sounds might positively impact anxiety. 
There were eight studies that measured physiological stress objectively via ten 
parameters: heart rate (HR), heart rate-variability (HRV), respiratory rate (RR) salivary 
amylase activity (SAA), skin conductance level (SCL), systolic and diastolic blood 
pressure (BP), mean blood pressure (MBP), muscle tension (MT), cardiac activity (CA) 
and blood oxygen level (BO). Two of these studies found mixed results with some 
physiological measures indicating beneficial effects of nature-sounds and some 
physiological measures indicating the opposite (1,2) Four of these studies found only 
beneficial effects of the nature-sounds on physiological measures (4,11,14,15). One 
study found a mix of positive and no effects (9), and one study found no overall effect 
of natural sounds on physiological measures (12). Overall, there were six outcome 
measures that generated predominantly beneficial effects from the sound 
intervention: SCL, BP, MBP, RR, SAA and MT. Three measures generated evidence of 
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mixed effects: HR, BO, and HRV; and for CA there was no evidence for any effect of 
the sound intervention. 
Two studies used the Richmond Agitation Sedation Scale (Sessler et al., 2002) to 
objectively measure signs of agitation whilst participants were sedated during a 
medical procedure. One study found a significant reduction in agitation levels over 
time (1), with one finding no significant effect of time (14). Both studies found a 
significant reduction in agitation levels in the nature-sounds group when compared 
to the controls, although the first only found a difference during the procedure, with 
no difference afterwards. The other study found the reduction in agitation levels was 
maintained after the procedure for 30 minutes.  
3.2.2.2. Mood 
 
Two studies assessed the impact of nature-sounds on mood following an acute 
stressor, both using different outcome measures: the Brief Mood Introspection Scale 
(BMIS) (Mayer & Gaschke, 1988) and the Positive and Negative Affect Scale (PANAS) 
(Watson et al, 1988). Only one study found that listening to nature-sounds resulted 
in a greater improvement in mood recovery following an unsettling video, when 
compared to mixed sounds of nature and traffic (5). The second study did not find any 
effect from nature-sounds on mood (via the PANAS) when compared to city sounds, 
following a task designed to fatigue cognitive functioning. However, the nature-
sounds were rated as being more relaxing (8).  
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3.2.2.3. Perception of sounds 
 
Six studies examined the perception of the sounds with two exploring the impact of 
nature-sounds on perceived restoration (10,15), three measuring ratings of sounds 
via self-rating statements and Likert scales (8,9,12), and one exploring both perceived 
restoration and ratings (11). They all found that nature-sounds were perceived more 
positively, had higher levels of fascination, and were rated as more relaxing, arousing, 
pleasant and as more likely to be restorative than urban or non-nature-sounds. One 
study also found that hospital patients who heard nature-sounds whilst under 
anaesthetic, perceived the experience as more acceptable than the control group 
(15).  
3.2.2.4. Cognitive effects 
 
One study assessed the effect of nature-sounds on cognitive restoration. It found no 
effect as measured by three different tasks (8). Only one study measured the effect 
of nature-sounds on attention via reaction times (9). It found that familiar natural 
sounds led to shorter reaction times on an attentional monitoring task and therefore, 
increased attentional capacity when compared to familiar non-natural sounds. They 
found no difference in reaction times between unfamiliar natural and non-natural 
sounds.  
In summary, the quantitative papers examined impacts of nature-sounds on anxiety, 
stress, mood, cognitive restoration and attention and perceived effects. They indicate 
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a possible beneficial effect of nature-sounds on anxiety and agitation in hospital 
patients, and that there needs to be more thought given to how this might be 
measured physiologically. The evidence-base for impact on mood and cognitive 
restoration is minimal, needing to be increased to be able to investigate any effect. 
There is evidence that individuals perceived nature-sounds to be restorative, 
although how this translates to actual effect also needs further investigation.  
3.2.3. Types of sounds 
Of the quantitative papers, six used a mix of sounds with five being sounds commonly 
found together such as wind in trees and birdsong (2,4,5,8,10), and two used sounds 
from different natural settings (3,11).  Four studies provided a choice of sound but 
did not indicate how often sounds were chosen (1,7,15,16). One study compared 
forest sounds with ocean sounds (13), one study used ocean sounds only (12) and one 
study did not provide information about the sounds used (9). Participants in both 
qualitative studies discussed birdsong (6,14), whilst running water and wind through 
trees was also mentioned in one (6). Due to the range of types of sounds used and 
the results found, it is not clear if there are patterns between sound types and effects 
seen.  
3.3. Strengths and weaknesses of the evidence 
Evidence was assessed using the MMAT and by the author highlighting a number of 
other important factors not included in the assessment tool such as: use of a 
standardized format, provision of effect sizes and sentence structure quality. These 
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factors emerged through the reading of the articles and from a number of reviews 
referenced in this article. The following sections examine the quality and quantity of 
the evidence found. 
3.3.1. Methodology 
Of the RCTs, the MMAT shows that around half of the studies did not provide enough 
information within their written articles on their method of randomization and group 
concealment (from both participants and experimenters) (columns 2.1 and 2.2 in 
table 1). Of those that did describe their method in sufficient detail, it appears that 
these criteria were met, which would suggest an attempt to minimise the chance of 
the observed results being due to a third, non-measured factor or experimenter bias 
(Sibbald & Roland, 1998). This is also seen in the non-RCT studies that all used 
comparison groups that were controlled and comparable (3.3).  
 
The studies employed a mix of methodologies, although the majority were 
quantitative and carried out in laboratory settings. It has been suggested that artificial 
settings might be too far removed from the real situations that might lead to these 
states in everyday life (Brunswick, 1956). However, research suggests that laboratory 
settings provide comparative levels of external validity when compared to field 
experiments (Anderson, Lindsay & Bushman, 1999). Also, the use of experimental 
designs by the majority of the studies reviewed, go some way to supporting a causal 
link between nature and beneficial effects that was missing in Lee and Maheswaran’s 
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(2010) review. Most of the studies used a comparison group, however, in some cases 
this was music, in some silence, and in some non-natural sounds. This also makes 
direct comparison difficult, although when combined it does provide a number of 
different soundscapes with which to compare nature-sounds. 
 
Some of the studies were not reported in a standardized format and many only 
included statistical significance values (p values), without the remaining statistics or 
effect sizes. Using p values alone to establish relationships has been criticised and is 
particularly relevant when sample sizes are small (Wagenmakers, 2007). Small sample 
sizes can result in actual differences between groups being classed as non-significant, 
and the mis-estimation of effect-sizes. Without the data being reported, this cannot 
be assessed independently. Reporting p values alone only reveals if an effect has been 
found, and does not provide the size of the effect, which is why both p values and 
effect sizes should be reported (Sullivan & Feinn, 2012). The overall lack of reported 
data in many of the papers might lead to trends or patterns being missed by readers. 
However, despite these criticisms there is still evidence for the benefits of nature-
sounds, although it would be considered good practice to report more statistics in 
future papers. 
 
The MMAT indicates that neither of the two qualitative studies provided an in-depth 
commentary on the impact that the interviewers’ own views and perspectives might 
have had on participants. This could suggest that the interviewers’ perspectives might 
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have influenced the participants’ responses, therefore impacting on the validity of 
the results. Without reflecting on this the authors miss an opportunity to consider 
and justify their results. Having said that both papers met the other three criteria as 
detailed in the MMAT (1.1, 1.2 and 1.3), providing rich subjective information to add 
to the experimental studies. 
 
3.3.2. Sample 
The MMAT showed that only three of the quantitative studies explicitly stated that 
they addressed selection bias when recruiting (Table 1, 3.1). This does not mean that 
the other studies did not consider this, but it does illustrate a common problem in the 
reporting of these studies. This lack of detail may have an impact on generalization 
and replication of findings.  
 
Of the details provided in the papers, many of the studies in this review used self-
selecting samples. This increases the risk of bias, as individuals might have reasons 
for taking part in research that could influence outcomes. This, and the fact that most 
studies recruited participants through universities, increases the chance that the 
samples may not be representative of the general population. As only one of the 
qualitative studies (and none of the quantitative studies) included mental health 
patients, limited inferences can be drawn from these results about the benefits of 
nature-sounds when individuals are experiencing mental health difficulties. There 
were, however a collection of papers that examined individuals undergoing medical 
141 
 
 
procedures. They reported high recruitment rates, with some recruiting 100 percent 
of those asked. This may reduce the effect of selection bias, however these studies 
tended to include a small sample with reduced diversity in terms of characteristics. 
This was largely due to the range of individuals that tend to be affected by the physical 
health conditions focused upon. However, as there were several of these studies, 
with a range of different procedures, in different countries, collectively these 
selective samples become more diverse. Despite this, the studies were carried out in 
either western or Asian countries which would restrict the generalization to a wider 
cultural network. It also means that we cannot draw conclusions about cultural 
effects of nature or how these might influence the mechanisms involved in any 
outcomes.  
 
3.3.3. Measures 
Several studies used self-report measures that could be vulnerable to biases such as 
misunderstanding the concept or question, being influenced by surroundings in ways 
that are not intended by the experimenter, or responding in a way that participants 
think is expected from them (demand effects) (Davidson & Kaszniak, 2015; Kormos & 
Gifford, 2014). In fact, one study specifically did not use self-report measures as they 
were concerned that participants would “fail to reliably report” their own distress 
(Arai et al., 2008, p. 987). However, all recognised measures used meet minimum 
criteria for validity and reliability. Some studies measured outcomes with ratings of 
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statements designed specifically for the study. Whilst these may offer more specific, 
they may lack the psychometric properties of tried and tested measures. 
 
Objective measures were used in many studies such as heart or respiratory rate and 
can offer evidence of changes that may not be recognised by a person themselves. 
However, by only using objective measures either judged by the experimenter (as in 
the case with the Richmond agitation scale) or via physiological or performance 
testing, there are also criticisms. A concept such as mental well-being can encompass 
many elements and mean different things to different people. Only using objective 
measures might miss the nuances and individual effects that subjective measures 
might capture. By not including both objective and subjective measures researchers 
lost an opportunity to explore the relationship between the two measures. This could 
shed light on possible reasons for differences between studies measuring the same 
outcome and, allow for comparison if objective measures do not follow the same 
pattern as subjective ones. 
 
Another criticism of the studies using physiological outcome measures comes from 
studies that show fitness level can have an impact on physiological responses such as 
pulse rate, during psychological stress (Holmes & Roth, 1985). There was very little 
consideration given to physical fitness in these papers, although a number of other 
demographics were used to compare groups. This may go some way to explaining 
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why there were differences in outcomes of some of the physiological measures and 
would be something to consider in future studies.  
 
All of the quantitative studies in this review measured short-term, acute effects of 
nature-sounds. This meant that longer-term effects of exposure to nature-sounds 
were not explored. The qualitative papers did not specify a time span and so may 
offer information regarding the longer-term effects, although this is in a narrative and 
subjective nature. Additionally, as questions about timespan were not specifically 
included, the evidence is more likely to be anecdotal, and therefore difficult to 
generalize from.  
 
Only eight studies measured the effects of nature sound across more than one of the 
domains discussed above. Of those, six found corroborative evidence across domains 
for beneficial effects and one study found no effect in either domain. By including 
different types of measures, connections can be made between the different and 
complex ways in which nature might be beneficial. This is especially true for studies 
that include both subjective and objective measures as this allows participant to offer 
their experience of an intervention. An individual’s experience of something being 
beneficial or positive is in itself a significant factor in overall well-being and can be 
quite different to objective measures (Western & Tomaszewski, 2016). 
 
144 
 
 
In summary, there was an overall lack of reported detail surrounding sampling, 
statistics and procedure which would aid further examination of study quality. 
However, of the details provided it seems that the researchers made attempts to 
maximise validity and reliability through experimental design and reasonably valid 
measures. The main criticisms are: that individual samples may not be generalizable 
on their own and may be subject to bias due to them being mostly self-selecting; 
studies tended to use either subjective or objective measures rather than both 
together which would strengthen validity; and that the qualitative studies did not 
detail the how much they considered the impact that the experimenters might have 
had on the findings. Therefore, caution should be taken when considering the wider 
generalizations of the findings, but the fairly robust methodologies used indicate that 
results can be viewed as a fair indication of the possible effects of nature-sounds on 
mental well-being. 
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4. Discussion 
4.1. Domains of mental well-being 
The outcome measures were categorized into four domains: anxiety and stress; 
mood; perception of sounds; and cognitive effects. All articles included in this review 
found some evidence for the positive effect of nature-sounds. Two studies also found 
evidence of possible negative effects in the nature-sound intervention groups (1,2) 
and four studies found no effect on measures of: mood; cognitive restoration and 
objective stress (8,9,12,14). Of the studies examining anxiety and stress, ten out of 
the 11 indicate some evidence for the positive impact of nature-sounds. Six studies 
found that nature-sounds reduced subjective feelings of anxiety, both through 
quantitative and qualitative designs. Two studies found some evidence that objective 
agitation can be reduced with natural sounds. Nine studies provided some evidence 
that nature-sounds have a positive effect on physiological signals of stress and 
anxiety, with one also showing neurological data to this possible effect. However, 
there were also three studies that found some measures showed no effect, and two 
that found some measures showed possible negative effects. This indicates the 
complexity of indirectly measuring stress and anxiety via biological means. One study 
indicated a possible beneficial effect of nature-sounds on mood, whereas another 
found no effect. Eight studies found that natural sounds were perceived as positive, 
relaxing, arousing and pleasant as well as being perceived as more restorative. Of the 
two studies that examined cognitive restoration, one found positive effects of 
natural-sounds and one found no effect.  
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4.2. Sounds of nature and their impact on mental well-being 
 
The most compelling evidence for the benefits of nature-sounds on well-being come 
from studies that examined anxiety and perceived effects. The qualitative papers 
suggest that sounds of nature are more likely to be perceived as relaxing, anxiety 
reducing and restorative than urban or artificial sounds. These fit with the results 
from the quantitative studies that all, except one, showed a reduction in anxiety levels 
when nature-sounds were compared to a control group. These studies were not 
perfect in design, but as they range in methodology, and sample characteristics and 
include imaging data, there is enough evidence to suggest that nature-sounds might 
help reduce anxiety levels for some people, in some settings.  
4.3. What types of sounds lead to what types of benefits? 
The methodologies of the papers in this review do not allow us to say with certainty 
what types of sounds lead to what types of benefits. This is because only two of the 
quantitative papers compared different types of nature-sounds with one study 
examining 22 different types of natural setting (11), and the other just the sea and 
forest birdsong (13). However, both these studies indicate that water and birdsong 
are rated highly, especially when combined. In fact, water sounds, birdsong and wind 
through trees are mentioned in most papers. One qualitative study (6) highlighted 
these three sounds as being most commonly mentioned and considered most 
restorative. This could be explained by SRT, as environments that include water could 
provide vital means of survival, birds tweeting could signal the absence of predators, 
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and trees and vegetation that provided cover would make rustling sounds as the wind 
blew through them. The combination of birdsong and water has also been shown to 
be perceived as having the most fascinating properties (11), which supports ART’s 
concept of soft fascination. Taken together this might suggest that birdsong and 
water sounds could be one of the more restorative and stress reducing combinations, 
and therefore benefit mental well-being. It may be useful for future research to 
consider the combinations of birdsong and water, to gather more robust evidence 
and better understand mechanisms and theory links. 
4.4. Review limitations and recommendations for future research 
In hindsight, the MMAT appraisal tool used in this study did not provide a framework 
to evaluate the studies in a way that would have been most informative. Some studies 
that scored highly (one of which achieved a score of 100 percent) using the tool, were 
difficult to read and interpret, some were written in a non-standardized format with 
poor translation. Due to certain methodological boxes being ticked on the tool these 
problems did not influence the appraisal score. In future studies it may be more 
beneficial to use separate systematic appraisal tools for both the qualitative and 
quantitative papers, such as those provided by CASP (Critical Appraisal Skills 
Programme, 2018) or SURE (Specialist Unit for Review Evidence, 2018). 
Including both qualitative and quantitative papers in this review makes direct 
comparison difficult and resulted in the narrative format. However, there are 
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limitations to this style when compared to a format such as a meta-analysis, which 
increases power by combining samples. In a field with such a small number of studies 
this may help to illustrate the strength of effects statistically.  
The papers in this review used a range of different subjective and objective outcome 
measures that fell into several different domains. This range of methodologies 
highlights the complexity of the term ‘well-being’ as it can be defined and measured 
in many different ways. This complexity, and the small number of studies available, 
has resulted in some domains only being explored in one paper. This impacts on the 
weight that can be ascribed to the evidence and illustrates barriers to carrying out a 
systematic review or meta-analysis at this time.  
It would be beneficial for future research to examine the effects of nature sounds in 
the domains highlighted by this review. This may offer a better understanding of the 
mechanisms through which nature sounds impact on different domains of well-being. 
For example, looking specifically at cognitive outcome measures and effects starts to 
highlight how nature sounds may beneficially impact on cognition by reducing arousal 
via the parasympathetic-nervous-system activation (Gould van Praag et al., 2017). 
However, this needs further investigation. Further study of the mechanisms by which 
nature sounds impact different aspects of mental well-being would develop our 
theoretical understanding of these effects and their clinical applications. To address 
this, further research might benefit from either replicating current study designs or 
using the same measures and outcomes in different settings, with different samples, 
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ages and with different sounds. The studies in this review focus on psychiatric 
samples, which limit the conclusions that can be drawn with regards to current 
benefits to those experiencing mental disorders.  
Future studies would benefit from including both objective and subjective measures 
to explore how our physiological responses relate to our experience of the nature-
sounds. This might help to explain some of the seemingly counterintuitive 
physiological results found in some studies and provide a deeper understanding of 
how our emotional response to nature-sounds translates physiologically. Research 
with more diverse sample populations is required to better understand possible 
cultural differences in responses to nature-sounds. Considering the evolutionary 
stance of SRT, individuals used to specific types of nature-sounds might respond 
differently to each other. Further examination of this might also add to SRT as-well-
as elaborating on the relationship between different ecological features and nature’s 
benefits. It is also recommended that future studies consider reporting their 
procedure thoroughly and providing alternative statistics such as effect sizes and 
power values to enable systematic reviews and meta-analyses.  
4.5. Implications and clinical applications 
If stress or anxiety could be positively impacted via a sound intervention, it is possible 
that other aspects of well-being such as mood, physical well-being and recovery from 
surgical and medical procedures might also be positively affected. For example, 
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anxiety during hospital stays and procedures have been shown to have an adverse 
impact on psychological well-being and quality of life for at least a year afterwards 
(Mayou, Thompson, Day, Hicks, Volmink & Neil, 2000). This is likely to add to health 
care costs, negatively affect work place attendance, and have wider ranging effects 
on well-being. Further research considering long-term effects is sorely needed and 
may identify if different interventions could target either acute or chronic stress. By 
also collecting measures across several domains we may gain a deeper understanding 
of how different mechanisms such as those involved in physical health, mental health, 
cognitive functioning and social interaction might interact with one another. If 
interventions find positive effects on many different domains, this might lead to a 
greater impact on well-being. 
 
The evidence in this review suggests that nature is often perceived as being 
restorative and beneficial. Wider research indicates that the way we perceive and 
experience our environment has been shown to be directly connected to how we feel 
(Ryu & Jang, 2007) and reduce anxiety (1,2,3,4,6,7,9,12,14,15,16). If individuals 
perceive something as positive and beneficial, not only do they feel better, they are 
also more likely to engage in it again (Tugade, Fredrickson & Feldman Barrett, 2004). 
If nature is good for our physical and mental health, those that perceive this to be the 
case are possibly more likely to engage in direct contact and therefore gain the 
benefits. Therefore, interventions and policies that increase opportunities for 
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individuals to engage with and learn about the benefits of nature, might support more 
people to benefit via reduced anxiety and improved mental well-being.  
 
Furthermore, choice is an important factor in applying nature sounds clinically. 
Several studies in this review gave participants a choice of sound (1,7,15,16), also one 
study (11) provided evidence that different sounds appeal to different people. In 
order to maximise effectiveness of any future interventions, and to recognise 
individualised care, providing a choice is important and in line with NHS values and 
person-centred care. 
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5. Conclusion 
 
This review concludes that there is a small but fairly robust set of studies that examine 
the impacts of nature-sounds on mental well-being. They cover four main domains: 
anxiety and stress, mood, perception of sounds and cognitive restoration, although 
the quantity of evidence is not evenly distributed across these. Most research focuses 
on anxiety and stress, and perception of sounds, which contributes to the findings 
that nature-sounds have the largest impact on these domains. Whilst there exists 
some evidence that nature-sounds might have a positive effect on stress and anxiety, 
and that natural sounds are perceived as being more pleasant and restorative, more 
research is required.  
 
Future research could prioritise consistency of outcome measures, following the 
domains suggested in this review, and focus on under researched areas such as 
effects of nature-sounds on mood and cognition. This may help to further elaborate 
the mechanisms through which nature-sounds might impact mental well-being. This 
may also develop our theoretical understanding and clinical application. 
 
When developing interventions, giving individuals a choice of nature-sound may 
increase effectiveness and promote person-centred care. Policy that increases 
opportunity to engage with and learn about the natural world and its benefits may 
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also translate to better mental well-being and could possibly lead to benefits for 
individuals and the wider society.  
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authors that they agree with the addition, removal or rearrangement. In the case 
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accepted. While the Editor considers the request, publication of the manuscript will 
be suspended. If the manuscript has already been published in an online issue, 
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Article transfer service 
This journal is part of our Article Transfer Service. This means that if the Editor 
feels your article is more suitable in one of our other participating journals, then 
you may be asked to consider transferring 
the article to one of those. If you agree, your article will be transferred 
automatically on your behalf with no need to reformat. Please note that your article 
will be reviewed again by the new journal. 
 
More information. 
Copyright 
Upon acceptance of an article, authors will be asked to complete a 'Journal 
Publishing Agreement' (see more information on this). An e-mail will be sent to 
the corresponding author confirming receipt of the manuscript together with a 
'Journal Publishing Agreement' form or a link to the online version of this 
agreement. Subscribers may reproduce tables of contents or prepare lists of 
articles including abstracts for internal circulation within their institutions. 
Permission of the Publisher is required for resale or distribution outside the 
institution and for all other derivative works, including compilations and 
translations. If 
excerpts from other copyrighted works are included, the author(s) must obtain 
written permission from the copyright owners and credit the source(s) in the 
article. Elsevier has preprinted forms for use by authors in these cases. 
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For gold open access articles: Upon acceptance of an article, authors will be asked 
to complete an 'Exclusive License Agreement' (more information). Permitted third 
party reuse of gold open access articles is determined by the author's choice of 
user license. 
Author rights 
As an author you (or your employer or institution) have certain rights to reuse 
your work. More information. 
Elsevier supports responsible sharing 
Find out how you can share your research published in Elsevier journals. 
 
Role of the funding source 
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit the article for 
publication. If the funding source(s) had no such involvement then this should be 
stated. 
Funding body agreements and policies 
Elsevier has established a number of agreements with funding bodies which allow 
authors to comply with their funder's open access policies. Some funding bodies 
will reimburse the author for the gold open access publication fee. Details of 
existing agreements are available online. 
 
Open access 
This journal offers authors a choice in publishing their research: 
Subscription 
• Articles are made available to subscribers as well as developing countries and 
patient groups through 
our universal access programs. 
• No open access publication fee payable by authors. 
• The Author is entitled to post the accepted manuscript in their institution's 
repository and make this public after an embargo period (known as green Open 
Access). The published journal article cannot be shared publicly, for example on 
ResearchGate or Academia.edu, to ensure the sustainability of peerreviewed 
research in journal publications. The embargo period for this journal can be found 
below. 
Gold open access 
• Articles are freely available to both subscribers and the wider public with 
permitted reuse. 
• A gold open access publication fee is payable by authors or on their behalf, e.g. 
by their research funder or institution. 
Regardless of how you choose to publish your article, the journal will apply the 
same peer review criteria and acceptance standards. 
For gold open access articles, permitted third party (re)use is defined by the 
following Creative Commons user licenses: 
Creative Commons Attribution (CC BY) 
Lets others distribute and copy the article, create extracts, abstracts, and other 
revised versions, adaptations or derivative works of or from an article (such as a 
translation), include in a collective work (such as an anthology), text or data mine 
the article, even for commercial purposes, as long 
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adaptation of the article, and do not modify the article in such a way as to 
damage the author's honor or reputation. 
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 
For non-commercial purposes, lets others distribute and copy the article, and 
to include in a collective work (such as an anthology), as long as they credit the 
author(s) and provided they do not alter or modify the article. 
The gold open access publication fee for this journal is USD 1800, excluding 
taxes. Learn more about Elsevier's pricing policy: 
https://www.elsevier.com/openaccesspricing. 
AUTHOR INFORMATION PACK 15 Jul 2018 www.elsevier.com/locate/jep 7 
Green open access 
Authors can share their research in a variety of different ways and Elsevier has 
a number of 
green open access options available. We recommend authors see our green 
open access page for further information. Authors can also self-archive their 
manuscripts immediately and enable public access from their institution's 
repository after an embargo period. This is the version that has been accepted 
for publication and which typically includes author-incorporated changes 
suggested during submission, peer review and in editor-author 
communications. Embargo period: For subscription articles, an appropriate 
amount of time is needed for journals to deliver value to subscribing customers 
before an article becomes freely available to the public. This is the embargo 
period and it begins from 
the date the article is formally published online in its final and fully citable form. 
Find out more. 
This journal has an embargo period of 24 months. 
Language (usage and editing services) 
Please write your text in good English (American or British usage is accepted, 
but not a mixture of these). Authors who feel their English language manuscript 
may require editing to eliminate possible grammatical or spelling errors and to 
conform to correct scientific English may wish to use the English Language 
Editing service available from Elsevier's WebShop. 
 
Submission 
Our online submission system guides you stepwise through the process of 
entering your article details and uploading your files. The system converts your 
article files to a single PDF file used in the peer-review process. Editable files 
(e.g., Word, LaTeX) are required to typeset your article for final publication. All 
correspondence, including notification of the Editor's decision and requests for 
revision, is sent by e-mail. 
Submission Site for Journal of Environmental Psychology 
Please submit your paper at: https://www.evise.com/profile/api/navigate/JEVP 
 
PREPARATION 
NEW_SUBMISSIONS 
Submission to this journal proceeds totally online and you will be guided 
stepwise through the creation and uploading of your files. The system 
automatically converts your files to a single PDF file to be used by referees to 
evaluate your manuscript. 
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As part of the submission process, you are requested to submit your manuscript 
as a single file. This can be a PDF file or a Word document. It should contain high 
enough quality figures for refereeing. If you prefer to do so, you may still provide 
all or some of the source files at the initial submission. Please note that individual 
figure files larger than 10 MB must be uploaded separately. 
MANUSCRIPT ELEMENTS AND FORMATTING REQUIREMENTS 
All manuscripts must contain the essential elements needed to convey your 
manuscript, including: Abstract, Keywords, Introduction, Materials and Methods, 
Results, Conclusions, References, Appendices, Tables and Figures with Captions, 
and any Relevant Artwork. 
In addition, we require all original submissions to conform to the American 
Psychological Association style (see the Publication Manual of the American 
Psychological Association, 6th ed., 2009). Authors should note that manuscripts 
which do not conform to APA style will be desk rejected. 
 
REFERENCE 
References must also conform to the American Psychological Association guidelines 
(see the 
Publication Manual of the American Psychological Association, 6th ed., 2009). Use 
of DOI is generally encouraged. The reference style used by the journal will be 
applied to the accepted article by Elsevier at the proof stage. Note that missing 
data will be highlighted at proof stage for the author to correct. 
Formatting requirements 
 
All manuscripts must contain the essential elements needed to convey your 
manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, 
Results, Conclusions, Artwork and Tables with Captions. If your article includes 
any Videos and/or other Supplementary material, this should be included in your 
initial submission for peer review purposes. Divide the article into clearly defined 
sections. 
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Figures and tables embedded in text 
Please ensure the figures and the tables included in the single file are placed next 
to the relevant text in the manuscript, rather than at the bottom or the top of the 
file. The corresponding caption should be placed directly below the figure or table. 
 
TYPES OF SUBMISSIONS 
Authors may choose among four different types of submissions: (a) original, 
single-study articles, (b) multiple-studies articles, involving experimental, meta-
analytical, or cross-cultural research, as well as literature syntheses, (c) brief 
empirical notes, and (d) letters to the editor. Each contribution type is restricted 
to a certain word limit. 
For original, single-study articles, the limit is 7,000 words; for multiple-studies 
articles, the limit is extended to a maximum of 10,000 words; for empirical notes 
(i.e., a brief research report or a commentary to an article supported with data), 
the limit is 3,000 words; and commentaries in the form of letters to the editor 
should not be longer than 1,000 words. Please note that the word restrictions are 
inclusive of tables and figures, acknowledgments, and title page: that is, the word 
count applies to the entire manuscript, including the main text and the reference 
list. 
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Peer review 
This journal operates a double blind review process. All contributions will be 
initially assessed by the editor for suitability for the journal. Papers deemed 
suitable are then typically sent to a minimum of two independent expert 
reviewers to assess the scientific quality of the paper. The Editor is responsible 
for the final decision regarding acceptance or reection of articles. The Editor's 
decision is final. More 
information on types of peer review. 
 
Double-blind review 
This journal uses double-blind review, which means the identities of the authors 
are concealed from the reviewers, and vice versa. More information is available 
on our website. To facilitate this, please include the following separately: 
Title page (with author details): This should include the title, authors' names, 
affiliations, 
acknowledgements and any Declaration of Interest statement, and a complete 
address for the corresponding author including an e-mail address. 
 
Blinded manuscript (no author details): The main body of the paper (including 
the references, figures, tables and any acknowledgements) should not include 
any identifying information, such as the authors' names or affiliations. 
 
REVISED SUBMISSIONS 
Use of word processing software 
Regardless of the file format of the original submission, at revision you must 
provide us with an editable file of the entire article. Keep the layout of the text 
as simple as possible. Most formatting codes will be removed and replaced on 
processing the article. The electronic text should be prepared in a way very 
similar to that of conventional manuscripts (see also the Guide to Publishing 
with Elsevier). See also the section on Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the 'spell-check' 
and 'grammar-check' functions of your word processor. 
 
Article structure 
Subdivision - numbered sections 
Divide your article into clearly defined and numbered sections. Subsections 
should be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not 
included in section numbering). Use this numbering also for internal cross-
referencing: do not just refer to 'the text'. Any subsection may be given a brief 
heading. Each heading should appear on its own separate line. 
 
Introduction 
State the objectives of the work and provide an adequate background, avoiding 
a detailed literature survey or a summary of the results. 
 
Material and methods 
Provide sufficient details to allow the work to be reproduced by an independent 
researcher. Methods that are already published should be summarized, and 
indicated by a reference. If quoting directly from a previously published method,  
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Theory/calculation 
A Theory section should extend, not repeat, the background to the article already 
dealt with in the Introduction and lay the foundation for further work. In contrast, 
a Calculation section represents a practical development from a theoretical basis. 
 
Results 
Results should be clear and concise. 
 
Discussion 
This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive 
citations and discussion of published literature. 
 
Conclusions 
The main conclusions of the study may be presented in a short Conclusions section, 
which may stand alone or form a subsection of a Discussion or Results and 
Discussion section. 
 
Appendices 
If there is more than one appendix, they should be identified as A, B, etc. Formulae 
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. 
(A.2), etc.; in a subsequent appendix, 
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc. 
Essential title page information 
• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid 
abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and 
family name(s) of each author and check that all names are accurately spelled. 
You can add your name between parentheses in your own script behind the English 
transliteration. Present the authors' affiliation addresses (where the actual work 
was done) below the names. Indicate all affiliations with a lowercase superscript 
letter immediately after the author's name and in front of the appropriate address. 
Provide the full postal address of each affiliation, including the country name and, 
if available, the e-mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. This responsibility 
includes answering any future queries about Methodology and Materials. Ensure 
that the e-mail address is given and that contact details 
are kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described 
in the article was done, or was visiting at the time, a 'Present address' (or 
'Permanent address') may be indicated as a footnote to that author's name. The 
address at which the author actually did the work must be retained as the main, 
affiliation address. Superscript Arabic numerals are used for such footnotes. 
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Abstract 
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract 
is often presented separately from the article, so it must be able to stand alone. 
For this reason, References should be avoided, but if essential, then cite the 
author(s) and year(s). Also, non-standard or uncommon abbreviations should 
be avoided, but if essential they must be defined at their first mention in the 
abstract itself. 
 
Graphical abstract 
Although a graphical abstract is optional, its use is encouraged as it draws more 
attention to the online article. The graphical abstract should summarize the 
contents of the article in a concise, pictorial form designed to capture the 
attention of a wide readership. Graphical abstracts should be submitted as a 
separate file in the online submission system. Image size: Please provide an 
image with a minimum 
of 531 × 1328 pixels (h × w) or proportionally more. The image should be 
readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. 
Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example 
Graphical Abstracts on our information site. Authors can make use of Elsevier's 
Illustration Services to ensure the best presentation of their images and in 
accordance with all technical requirements. 
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Highlights 
Highlights are mandatory for this journal. They consist of a short collection of 
bullet points that convey the core findings of the article and should be submitted 
in a separate editable file in the online submission system. Please use 
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 
characters, including spaces, per bullet point). You can view example Highlights 
on our information site. 
 
Keywords 
Immediately after the abstract, provide a maximum of 6 keywords, using British 
spelling and avoiding general and plural terms and multiple concepts (avoid, for 
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 
established in the field may be eligible. These keywords will be used for indexing 
purposes. 
 
Acknowledgements 
Collate acknowledgements in a separate section at the end of the article before 
the references and do not, therefore, include them on the title page, as a 
footnote to the title or otherwise. List here those individuals who provided help 
during the research (e.g., providing language help, writing assistance or proof 
reading the article, etc.). 
 
Formatting of funding sources 
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 
Funding: This work was supported by the National Institutes of Health [grant 
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant  
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number zzzz]; and the United States Institutes of Peace [grant number aaaa]. It 
is not necessary to include detailed descriptions on the program or type of grants 
and awards. When funding is from a block grant or other resources available to a 
university, college, or other research 
institution, submit the name of the institute or organization that provided the 
funding. 
If no funding has been provided for the research, please include the following 
sentence: 
This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
 
Math formulae 
Please submit math equations as editable text and not as images. Present simple 
formulae in line with normal text were possible and use the solidus (/) instead of 
a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to 
be presented in italics. Powers of e are often more conveniently denoted by exp. 
Number consecutively any equations that have to be displayed separately from the 
text (if referred to explicitly in the text). 
 
Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the 
article. Many word processors build footnotes into the text, and this feature may 
be used. Should this not be the case, indicate the position of footnotes in the text 
and present the footnotes themselves separately at the end of the article. 
 
Artwork 
Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, 
Courier. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Indicate per figure if it is a single, 1.5 or 2-column fitting image. 
• For Word submissions only, you may still provide figures and their captions, and 
tables within a 
single file at the revision stage. 
• Please note that individual figure files larger than 10 MB must be provided in 
separate source files. 
A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed 
information are given here. 
 
Formats 
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Regardless of the application used, when your electronic artwork is finalized, 
please 'save as' or convert the images to one of the following formats (note the 
resolution requirements for line drawings, halftones, and line/halftone 
combinations given below): EPS (or PDF): Vector drawings. Embed the font or 
save the text as 'graphics'. 
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TIFF (or JPG): Color or grayscale photographs (halftones): always use a 
minimum of 300 dpi. TIFF (or JPG): Bitmapped line drawings: use a minimum 
of 1000 dpi. 
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a 
minimum of 500 dpi is required. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); 
the resolution is too low. 
• Supply files that are too low in resolution. 
• Submit graphics that are disproportionately large for the content. 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), 
EPS (or PDF), or MS Office files) and with the correct resolution. If, together 
with your accepted article, you submit usable color figures then Elsevier will 
ensure, at no additional charge, that these figures will appear in color online 
(e.g., ScienceDirect and other sites) regardless of whether or not these 
illustrations are reproduced in color in the printed version. For color 
reproduction in print, you will receive 
information regarding the costs from Elsevier after receipt of your 
accepted article. Please indicate your preference for color: in print or online 
only. Further information on the preparation of electronic artwork. 
Figure captions 
Ensure that each illustration has a caption. A caption should comprise a brief 
title (not on the figure itself) and a description of the illustration. Keep text in 
the illustrations themselves to a minimum but explain all symbols and 
abbreviations used. 
 
Tables 
Please submit tables as editable text and not as images. Tables can be placed 
either next to the relevant text in the article, or on separate page(s) at the end. 
Number tables consecutively in accordance with their appearance in the text 
and place any table notes below the table body. Be sparing in the use of tables 
and ensure that the data presented in them do not duplicate results described 
elsewhere in the article. Please avoid using vertical rules and shading in table 
cells. 
 
References 
Citation in text 
Please ensure that every reference cited in the text is also present in the 
reference list (and vice versa). Any references cited in the abstract must be 
given in full. Unpublished results and personal communications are not 
recommended in the reference list, but may be mentioned in the text. If these 
references are included in the reference list they should follow the standard 
reference style of the journal and should include a substitution of the publication 
date with either 'Unpublished results' or 'Personal communication'. Citation of a 
reference as 'in press' implies that the item has been accepted for publication. 
 
Web references 
As a minimum, the full URL should be given and the date when the reference 
was last accessed. Any further information, if known (DOI, author names, dates, 
reference to a source publication, etc.), should also be given. Web references  
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can be listed separately (e.g., after the reference list) under a different heading if 
desired, or can be included in the reference list. 
 
Data references 
This journal encourages you to cite underlying or relevant datasets in your 
manuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author 
name(s), dataset title, data repository, version (where available), year, and global 
persistent identifier. Add [dataset] immediately before the reference so we can 
properly identify it as a data reference. The [dataset] identifier will not appear in 
your published article. 
 
Reference management software 
Most Elsevier journals have their reference template available in many of the most 
popular reference management software products. These include all products that 
support Citation Style Language 
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor 
plug-ins from these products, authors only need to select the appropriate journal 
template when preparing their article, after which citations and bibliographies will 
be automatically formatted in the journal's style. 
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If no template is yet available for this journal, please follow the format of the 
sample references and citations as shown in this Guide. If you use reference 
management software, please ensure that you remove all field codes before 
submitting the electronic manuscript. More information on how to remove field 
codes. 
Users of Mendeley Desktop can easily install the reference style for this journal by 
clicking the following link: http://open.mendeley.com/use-citation-style/journal-
of-environmental-psychology When preparing your manuscript, you will then be 
able to select this style using the Mendeley plugins for Microsoft Word or 
LibreOffice. 
 
Reference formatting 
There are no strict requirements on reference formatting at submission. 
References can be in any style or format as long as the style is consistent. Where 
applicable, author(s) name(s), journal title/ book title, chapter title/article title, 
year of publication, volume number/book chapter and the article number or 
pagination must be present. Use of DOI is highly encouraged. The reference style 
used by the journal will be applied to the accepted article by Elsevier at the proof 
stage. Note that missing data will be highlighted at proof stage for the author to 
correct. If you do wish to format the references yourself they should be arranged 
according to the following examples: 
 
Reference style 
Text: Citations in the text should follow the referencing style used by the American 
Psychological Association. You are referred to the Publication Manual of the 
American Psychological Association, Sixth Edition, ISBN 978-1-4338-0561-5, 
copies of which may be ordered online or APA Order Dept., P.O.B. 2710, 
Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK. 
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List: references should be arranged first alphabetically and then further sorted 
chronologically if necessary. More than one reference from the same author(s) 
in the same year must be identified by the letters 'a', 'b', 'c', etc., placed after 
the year of publication. 
 
Examples: 
Reference to a journal publication: Van der Geer, J., Hanraads, J. A. J., & 
Lupton, R. A. (2010). The art of writing a scientific article. Journal of Scientific 
Communications, 163, 51–59. https://doi.org/10.1016/j.Sc.2010.00372.  
Reference to a journal publication with an article number: Van der Geer, J., 
Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article. 
Heliyon, 19, e00205. doi:10.1016/j.heliyon.2018.e00205. 
Reference to a book: Strunk, W., Jr., & White, E. B. (2000). The elements of 
style. (4th ed.). New York: Longman, (Chapter 4). 
Reference to a chapter in an edited book: Mettam, G. R., & Adams, L. B. (2009). 
How to prepare an electronic version of your article. In B. S. Jones, & R. Z. 
Smith (Eds.), Introduction to the electronic age (pp. 281–304). New York: E-
Publishing Inc. 
Reference to a website: Cancer Research UK. Cancer statistics reports for the 
UK. (2003). http://www.cancerresearchuk.org/ 
aboutcancer/statistics/cancerstatsreport/ Accessed 13 March 2003. 
Reference to a dataset: [dataset] Oguro, M., Imahiro, S., Saito, S., 
Nakashizuka, T. (2015). Mortality data for Japanese 
oak wilt disease and surrounding forest compositions. Mendeley Data, v1.   
ttps://doi.org/10.17632/ xwj98nb39r.1.  
Reference to a conference paper or poster presentation: Engle, E.K., Cash, T.F., 
& Jarry, J.L. (2009, November). The Body Image Behaviours Inventory-3: 
Development and validation of the Body Image Compulsive Actions and Body 
Image Avoidance Scales. Poster session presentation at the meeting of the 
Association for Behavioural and Cognitive Therapies, New York, NY. 
Reference Style 
Bibliographical references should be cited in the text by giving the last name of 
the author (or authors) followed by the year of publication in parentheses, e.g. 
Gray (1998). Gray and Regan (1998) or (Gray & Regan, 1998). If there are 
three or more authors, citations should read Brandstatter, Koulen, and Wassle 
(1997), first citation; Brandstatter et al. (1997), second citation. If there is 
more than one work by an author (or authors) in a given year, then they should 
be labelled alphabetically within 
each year (e.g. Gray, 1998a,b). 
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The full references should be typed on a separate page and placed at the end 
of the article. They should not be given as footnotes. References should include 
the names of all the authors and their initials, the year of publication, the full 
title of the article or book, name of the journal, the volume number and the 
pages. For books, the city of publication and the publisher should be given. 
The following may serve as illustrations:  
Cronkite, R. W. (1976). Weather and personality. Maidenhead: McGraw-Hill. 
Sellars, N. (1978). Laughter and room colour: Effects of context on humour. 
Journal of Environmental Psychology, 51, 259-270. 
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Canter, D. (1983). Intention, meaning and structure: Social action in its physical 
context. In M. von Cranach, G. P. Ginsburg and M. Brenner (Eds.), Discovery 
strategies in the psychology of social action (pp. 1-34). New York: Academic Press. 
Pedersen, D. M. (1999). Model for types of privacy by privacy functions. Journal of 
Environmental Psychology, 19, 397-406, doi:10.10.1006/jevp.1999.0140. 
Unpublished work, work in press or conference proceedings should be cited only 
exceptionally, and preprints must accompany the paper if they are essential to its 
argument. 
 
Journal abbreviations source 
Journal names should be abbreviated according to the List of Title Word  
Abbreviations.  
 
Video 
Elsevier accepts video material and animation sequences to support and enhance 
your scientific research. Authors who have video or animation files that they wish 
to submit with their article are strongly encouraged to include links to these within 
the body of the article. This can be done in the same way as a figure or table by 
referring to the video or animation content and noting in the body text where it 
should be placed. All submitted files should be properly labeled so that they directly 
relate to the video file's content. In order to ensure that your video or animation 
material is directly usable, please provide the file in one of our recommended file 
formats with a preferred  maximum size of 150 MB per file, 1 GB in total. Video 
and animation files supplied will be published online in the electronic version of 
your article in Elsevier Web products, including ScienceDirect. Please supply 'stills' 
with your files: you can choose any frame from the video or animation or make a 
separate image. These will be used instead of standard icons and will personalize 
the link to your video data. For 
more detailed instructions please visit our video instruction pages. Note: since 
video and animation cannot be embedded in the print version of the journal, please 
provide text for both the electronic and the print version for the portions of the 
article that refer to this content. 
 
AudioSlides 
The journal encourages authors to create an AudioSlides presentation with their 
published article. AudioSlides are brief, webinar-style presentations that are shown 
next to the online article on ScienceDirect. This gives authors the opportunity to 
summarize their research in their own words and to help readers understand what 
the paper is about. More information and examples are available. Authors of this 
journal will automatically receive an invitation e-mail to create an AudioSlides 
presentation after acceptance of their paper. 
 
Data visualization 
Include interactive data visualizations in your publication and let your readers 
interact and engage more closely with your research. Follow the instructions here 
to find out about available data visualization options and how to include them with 
your article. 
 
Supplementary material 
Supplementary material such as applications, images and sound clips, can be 
published with your article to enhance it. Submitted supplementary items are  
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published exactly as they are received (Excel or PowerPoint files will appear as 
such online). Please submit your material together with the article and supply 
a concise, descriptive caption for each supplementary file. If you wish to make 
changes to 
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supplementary material during any stage of the process, please make sure to 
provide an updated file.  Do not annotate any corrections on a previous version. 
Please switch off the 'Track Changes' option in Microsoft Office files as these will 
appear in the  
published version. 
 
Research data 
This journal encourages and enables you to share data that supports your 
research publication where appropriate, and enables you to interlink the data 
with your published articles. Research data refers to the results of observations 
or experimentation that validate research findings. To facilitate reproducibility 
and data reuse, this journal also encourages you to share your software, code, 
models, 
algorithms, protocols, methods and other useful materials related to the project. 
Below are a number of ways in which you can associate data with your article 
or make a statement about the availability of your data when submitting your 
manuscript. If you are sharing data in one of these ways, you are encouraged 
to cite the data in your manuscript and reference list. Please refer to the 
"References" section for more information about data citation. For more 
information on depositing, sharing and using research data and other relevant 
research materials, visit the research data page. 
 
Data linking 
If you have made your research data available in a data repository, you can link 
your article directly to the dataset. Elsevier collaborates with a number of 
repositories to link articles on ScienceDirect with relevant repositories, giving 
readers access to underlying data that gives them a better understanding of the 
research described. 
There are different ways to link your datasets to your article. When available, 
you can directly link your dataset to your article by providing the relevant 
information in the submission system. For more information, visit the database 
linking page. 
For supported data repositories a repository banner will automatically appear 
next to your published 
article on ScienceDirect. In addition, you can link to relevant data or entities 
through identifiers within the text of your manuscript, using the following 
format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). 
 
Mendeley Data 
This journal supports Mendeley Data, enabling you to deposit any research data 
(including raw and processed data, video, code, software, algorithms, protocols, 
and methods) associated with your manuscript in a free-to-use, open access 
repository. During the submission process, after uploading your manuscript, 
you will have the opportunity to upload your relevant datasets directly to 
Mendeley Data. The datasets will be listed and directly accessible to readers 
next to your published article online. 
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For more information, visit the Mendeley Data for journals page. 
 
Data in Brief 
You have the option of converting any or all parts of your supplementary or 
additional raw data into one or multiple data articles, a new kind of article that 
houses and describes your data. Data articles ensure that your data is actively 
reviewed, curated, formatted, indexed, given a DOI and publicly available to all 
upon publication. You are encouraged to submit your article for Data in Brief as an 
additional item directly alongside the revised version of your manuscript. If your 
research article is 
accepted, your data article will automatically be transferred over to Data in Brief 
where it will be editorially reviewed and published in the open access data journal, 
Data in Brief. Please note an open access fee of 500 USD is payable for publication 
in Data in Brief. Full details can be found on the Data in Brief website. Please use 
this template to write your Data in Brief. 
 
Data statement 
To foster transparency, we encourage you to state the availability of your data in 
your submission. This may be a requirement of your funding body or institution. If 
your data is unavailable to access or unsuitable to post, you will have the 
opportunity to indicate why during the submission process, for example by stating 
that the research data is confidential. The statement will appear with your 
published article on ScienceDirect. For more information, visit the Data Statement 
page. 
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Additional Information 
Manuscripts, including occasional solicited contributions, are normally reviewed on 
the advice of two independent referees. Blind review is undertaken and 
consequently the author should remove all identifying material from the 
manuscript. Empirical papers are normally sent for review to three internationally 
recognised experts. Other submissions are usually reviewed by members of the 
Editorial Board. Every attempt is made to provide authors with a response on 
conditions for acceptance, or a rejection, of the submission within two months of 
its initial receipt of the managing Editor. It is the policy of The Journal of 
Environmental Psychology to publish within the subsequent twelve months, if 
revisions are returned within two months of receipt of the editor's comments. 
 
AFTER ACCEPTANCE 
Online proof correction 
Corresponding authors will receive an e-mail with a link to our online proofing 
system, allowing annotation and correction of proofs online. The environment is 
similar to MS Word: in addition to editing text, you can also comment on 
figures/tables and answer questions from the Copy Editor. 
Web-based proofing provides a faster and less error-prone process by allowing you 
to directly type your corrections, eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF 
version. All instructions for proofing will be given in the e-mail we send to authors, 
including alternative methods to the online version and PDF. We will do everything 
possible to get your article published quickly and accurately. Please use this 
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proof only for checking the typesetting, editing, completeness and correctness 
of the text, tables and figures. Significant changes to the article as accepted for 
publication will only be considered at this stage with permission from the Editor. 
It is important to ensure that all corrections are sent back to us in one 
communication. Please check carefully before replying, as inclusion of any 
subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility. 
 
Offprints 
The corresponding author will, at no cost, receive a customized Share Link 
providing 50 days free access to the final published version of the article on 
ScienceDirect. The Share Link can be used for sharing the article via any 
communication channel, including email and social media. For an extra charge, 
paper offprints can be ordered via the offprint order form which is sent once the 
article is accepted for publication. Both corresponding and co-authors may order 
offprints at any time via Elsevier's Webshop. Corresponding authors who have 
published their article gold open access do not receive a Share Link as their final 
published version of the article is available open access on ScienceDirect and 
can be shared through the article DOI link. 
 
AUTHOR INQUIRIES 
Visit the Elsevier Support Center to find the answers you need. Here you will 
find everything from Frequently Asked Questions to ways to get in touch. 
You can also check the status of your submitted article or find out when your 
accepted article will be published. 
© Copyright 2018 Elsevier | https://www.elsevier.com 
 
184 
 
 
Appendix 2. Table 4. MMAT criteria 
Types of mixed methods study components 
or primary studies 
Methodological quality criteria 
1. Qualitative 
Common types of qualitative methodology include: 
 
A. Ethnography 
The aim of the study is to describe and interpret the shared 
cultural behaviour of a group of individuals. 
 
B. Phenomenology 
The study focuses on the subjective experiences and 
interpretations of a phenomenon encountered by 
individuals. 
 
C. Narrative 
The study analyzes life experiences of an individual/group. 
 
D. Grounded theory 
Generation of theory from data in the process of 
conducting research (data collection occurs first). 
 
E. Case study 
In-depth exploration and/or explanation of issues intrinsic 
to a particular case. A case can be anything from a decision-
making process, to a person, an organization, or a country. 
 
F. Qualitative description 
There is no specific methodology, but a qualitative data 
collection and analysis, e.g., in-depth interviews or focus 
groups, and hybrid thematic analysis (inductive and 
deductive).  
 
Key references: Creswell, 1998; Schwandt, 2001; 
Sandelowski, 2010. 
1.1. Are the sources of qualitative data (archives, documents, informants, observations) relevant to address the 
research question (objective)? 
 
E.g., consider whether (a) the selection of the participants is clear, and appropriate to collect relevant and rich data; 
and (b) reasons why certain potential participants chose not to participate are explained. 
1.2. Is the process for analyzing qualitative data relevant to address the research question (objective)? 
 
E.g., consider whether (a) the method of data collection is clear (in depth interviews and/or group interviews, and/or 
observations and/or documentary sources); (b) the form of the data is clear (tape recording, video material, and/or 
field notes for instance); (c) changes are explained when methods are altered during the study; and (d) the qualitative 
data analysis addresses the question. 
1.3. Is appropriate consideration given to how findings relate to the context, e.g., the setting, in which the data 
were collected? 
 
E.g., consider whether the study context and how findings relate to the context or characteristics of the context are 
explained (how findings are influenced by or influence the context). “For example, a researcher wishing to observe 
care in an acute hospital around the clock may not be able to study more than one hospital. (…) Here, it is essential 
to take care to describe the context and particulars of the case [the hospital] and to flag up for the reader the 
similarities and differences between the case and other settings of the same type” (Mays & Pope, 1995). 
The notion of context may be conceived in different ways depending on the approach (methodology) tradition. 
1.4. Is appropriate consideration given to how findings relate to researchers’ influence, e.g., through their 
interactions with participants?  
 
E.g., consider whether (a) researchers critically explain how findings relate to their perspective, role, and interactions 
with participants (how the research process is influenced by or influences the researcher); (b) researcher’s role is 
influential at all stages (formulation of a research question, data collection, data analysis and interpretation of 
findings); and (c) researchers explain their reaction to critical events that occurred during the study. 
 
The notion of reflexivity may be conceived in different ways depending on the approach (methodology) tradition. E.g., 
“at a minimum, researchers employing a generic approach [qualitative description] must explicitly identify their 
disciplinary affiliation, what brought them to the question, and the assumptions they make about the topic of 
interest” (Caelli, Ray & Mill, 2003, p. 5). 
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Types of mixed methods study components 
or primary studies 
Methodological quality criteria 
2. Quantitative randomized controlled (trials) 
 
Randomized controlled clinical trial: A clinical 
study in which individual participants are allocated 
to intervention or control groups by randomization 
(intervention assigned by researchers). 
 
Key references: Higgins & Green, 2008; Porta, 
2008; Oxford Center for Evidence based medicine, 
2009. 
2.1. Is there a clear description of the randomization (or an appropriate sequence generation)? 
 
In a randomized controlled trial, the allocation of a participant (or a data collection unit, e.g., a school) into the 
intervention or control group is based solely on chance, and researchers describe how the randomization schedule is 
generated. “A simple statement such as ‘we randomly allocated’ or ‘using a 
randomized design’ is insufficient”. 
 
Simple randomization: Allocation of participants to groups by chance by following a predetermined plan/sequence. 
“Usually it is achieved by referring to a published list of random numbers, or to a list of random assignments generated 
by a computer”. 
 
Sequence generation: “The rule for allocating interventions to participants must be specified, based on some chance 
(random) process”. Researchers provide sufficient detail to allow a readers’ appraisal of whether it produces 
comparable groups. E.g., blocked randomization (to ensure particular allocation ratios to he intervention groups), or 
stratified randomization (randomization performed separately within strata), or minimization (to make small groups 
closely similar with respect to several characteristics). 
2.2. Is there a clear description of the allocation concealment (or blinding when applicable)? 
 
The allocation concealment protects assignment sequence until allocation. E.g., researchers and participants are 
unaware of the assignment sequence up to the point of allocation. E.g., group assignment is concealed in opaque 
envelops until allocation. 
 
The blinding protects assignment sequence after allocation. E.g., researchers and/or participants are unaware of the 
group a participant is allocated to during the course of the study. 
2.3. Are there complete outcome data (80% or above)? 
 
E.g., almost all the participants contributed to almost all measures. 
2.4. Is there low withdrawal/drop-out (below 20%)? 
 
E.g., almost all the participants completed the study 
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Types of mixed methods study components 
or primary studies 
Methodological quality criteria 
3. Quantitative non-randomized 
 
Common types of design include (A) non-randomized controlled 
trials, and (B-C-D) observational analytic study or component where 
the intervention/exposure is defined/assessed, but not assigned by 
researchers. 
 
A. Non-randomized controlled trials 
The intervention is assigned by researchers, but there is no 
randomization, e.g., a pseudo-randomization. A non-random method 
of allocation is not reliable in producing alone similar groups. 
 
B. Cohort study 
Subsets of a defined population are assessed as exposed, not 
exposed, or exposed at different degrees to factors of interest. 
Participants are followed over time to determine if an outcome 
occurs (prospective longitudinal). 
 
C. Case-control study 
Cases, e.g., patients, associated with a certain outcome are selected, 
alongside a corresponding group of controls. Data is collected on 
whether cases and controls were exposed to the factor under study 
(retrospective). 
 
D. Cross-sectional analytic study 
At one particular time, the relationship between health-related 
characteristics (outcome) and other factors (intervention/exposure) 
is examined. E.g., the frequency of outcomes is compared in different 
population sub-groups according to the presence/absence (or level) 
of the intervention/exposure. 
 
Key references for observational analytic studies: Higgins & Green, 
2008; Wells, Shea, O'Connell, Peterson, et al., 2009. 
3.1. Are participants (organizations) recruited in a way that minimizes selection bias? 
 
At recruitment stage: 
For cohort studies, e.g., consider whether the exposed (or with intervention) and non-exposed (or without 
intervention) groups are recruited from the same population. 
 
For case-control studies, e.g., consider whether same inclusion and exclusion criteria were applied to cases 
and controls, and whether recruitment was done independently of the intervention or exposure status. 
For cross-sectional analytic studies, e.g., consider whether the sample is representative of the population. 
3.2. Are measurements appropriate (clear origin, or validity known, or standard instrument; and absence 
of 
contamination between groups when appropriate) regarding the exposure/intervention and outcomes? 
 
At data collection stage: 
E.g., consider whether (a) the variables are clearly defined and accurately measured; (b) the measurements 
are justified and appropriate for answering the research question; and (c) the measurements reflect what 
they are supposed to measure. 
 
For non-randomized controlled trials, the intervention is assigned by researchers, and so consider whether 
there was absence/presence of a contamination. E.g., the control group may be indirectly exposed to the 
intervention through family or community relationships. 
3.3. In the groups being compared (exposed vs. non-exposed; with intervention vs. without; cases vs. 
controls), are the participants comparable, or do researchers take into account (control for) the difference 
between these groups? 
 
At data analysis stage: 
For cohort, case-control and cross-sectional, e.g., consider whether (a) the most important factors are taken 
into account in the analysis; (b) a table lists key demographic information comparing both groups, and there 
are no obvious dissimilarities between groups that may account for any differences in outcomes, or 
dissimilarities are taken into account in the analysis. 
3.4. Are there complete outcome data (80% or above), and, when applicable, an acceptable response rate 
(60% or above), or an acceptable follow-up rate for cohort studies (depending on the duration of follow-
up)? 
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Appendix 3. Descriptions of methodological problems for each paper (MMAT). 
2 2.1: No description of randomization strategy. 
2.2: No mention of group allocation concealment. 
3.1: No information regarding recruitment strategy 
2 3.1: study specified as pilot study and so generalization is considered in the paper 
 accordingly.  
3 2.2: No mention of group allocation concealment. 
3.1: No information regarding recruitment strategy 
4 3.1: Convenience sample from a college campus, no information about method of 
 recruitment. 
 ^ 3.2: Paper does not include validity or reliability statistics of measure, but 
 independent reading supports the measure’s use. 
5 1.4: There was some mention of how participants experienced the sound of the 
 researcher’s voice, but limited discussion on other aspects of the researcher’s 
 presence on the responses. 
6 2.2: No mention of group allocation concealment. 
3.1: No information regarding recruitment strategy 
7 3.1: Not clear how participants were recruited 
8 3.1: No description of recruitment strategy 
9 3.1 No information about how participants were recruited, only that they were 
 from a  university, the gender mix and mean age of the whole group. 
10  2.1: No description of randomization strategy. 
3.1: doesn’t give any indication of how they were recruited other than 
 ‘convenience  sample’ 
11 3.1 It is not clear how participants were recruited, although as they were all 
 postgraduate students or university staff, it is likely that they do not represent the 
 wider population 
13 2.1: No description of randomization strategy. 
14 3.1: No information regarding recruitment strategy 
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Part 3: Clinical Experience 
Overview of Experience Gained 
 
Year 1 – Adult Mental Health in a Community Mental Health Recovery and Support 
Service (1 year) 
Clients and presenting difficulties: Adults between 18 and 65 years with a range of 
severities and presentations including: depression, anxiety, EUPD, panic disorder, 
psychosis and bipolar disorder.  
Main models: I predominantly used CBT and behavioural models but also considered 
aspects of ACT. 
Modes and types of work: Direct individual assessments and therapeutic work, including 
diagnostic and neuropsychological assessment, structured therapy, psychoeducation and 
relapse prevention. Indirect work with staff team including consultation and delivering 
presentations. Co-facilitating a psychoeducation and skills-based group for people with 
bipolar disorder. 
Year 2 – Child and Adolescent Placement split between a Community Mental Health IAPT 
Service and a Pupil Referral Unit (6 months) 
Clients and presenting difficulties: Children aged six to 18 years and their parents. 
Presentations included: depression, anxiety, bereavement, bipolar disorder, learning 
difficulties, attachment and behavioural difficulties  
Main models: A combination of CBT, behavioural models, systemic models and IPT. 
Modes and types of work: Direct therapeutic work with children, young people schools 
and their families. Carrying out observations, neurological and learning assessments and 
providing reports that were disseminated to families and schools. Working with a wider 
MDT including social workers, family therapists and nurses. Conducting and disseminating 
a service audit on the numbers of children presenting with gender dysphoria to the 
service. Co-facilitating a psychoeducation group with a family therapist for parents of 
children attending the PRU, and providing formal consultation to nurses and teachers. 
Year 2 – Learning Disabilities in a Community Learning Disabilities Service (6 months) 
Clients and presenting difficulties: Adults aged 18 years and over living in the community 
or within residential homes with a diagnosed or suspected learning difficulty or disability 
and mental health or behavioural needs. Presentations included: low mood, anxiety, 
challenging behaviour, bereavement, cognitive decline, ASD, and psychosocial difficulties. 
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Main models: Predominantly CBT, behavioural and systemic models. 
Modes and types of work: Assessments including psychological assessments, 
neuropsychological and cognitive, functioning and ASD assessments, and observational 
assessments for PBS support. There was a range of direct and indirect therapeutic work in 
a community and residential setting, as well as consultation within the MDT and within 
community settings. I developed a protocol for, and provided training to the team on 
management of disclosure of suicidal thoughts within the client group, as well as 
developing an accessible information leaflet for clients, and supervised an MSc student. 
Year 3 – Specialist Placement in the Psychological Therapies Service in a surgical hospital  
Clients and presenting difficulties: Children and adults aged 12 and upwards with a range 
of presentations and diagnoses including: facial palsy, burns, phobias, insomnia, 
depression, health anxiety, trauma, cancer and BDD. Client group also included hospital 
patients or outpatients who were requesting cosmetic surgery, being treated for falls and 
who has undergone life-changing events and surgery. 
Main models: CBT, CFT, EMDR and systemic models. 
Modes and types of work: Direct therapeutic work with clients. Psychological assessments 
with a range of clients including those requesting cosmetic surgery, who had undergone 
amputations and who had experienced facial palsy. Consultation and support work with 
nurses, breast care nurses, hospital staff and surgeons and running a therapy group for 
people with insomnia. I presented a presentation to a group of individuals who had 
experienced falls, and co-presented a training session on burns and psychosocial 
approaches. I also audited the outcome data for the insomnia group and redeveloped the 
psychology leaflet for the children’s ward. 
 (6 months) 
Year 3 – Older People’s Inpatient Service – Dementia and Mental Health wards (6 
months) 
Clients and presenting difficulties: Older people in an inpatient setting either with a 
suspected or diagnosed dementia or significant mental health difficulty. Presentations 
included: various dementias, challenging behaviour, bipolar disorder, chronic and 
treatment resistant depression, psychosis, personality disorders and severe anxiety. 
Main models: CBT, Behavioural, systemic models, neuropsychological and PBS. 
Modes and types of work: Direct psychological assessment and therapeutic work with 
individuals and their families. Neurological and dementia assessments, reports and 
feedback. PBS assessments, consultation and training with management and nursing staff. 
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General consultation work with medical staff to support psychological thinking and to 
support patients in distress. Providing relaxation training for staff and PBS training for new 
starters. Presenting at whole ward CPD days for all MDT staff. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
191 
 
 
Part 4: PsychD Clinical Programme 
Table of assessments completed during training 
 
Year I Assessments 
Assessment Title 
WAIS WAIS Interpretation (online assessment) 
Practice Report of Clinical 
Activity 
Male, aged mid-thirties, presenting with chronic low 
mood and anxiety, assessed using CBT based 
formulations. 
Audio Recording of Clinical 
Activity with Critical 
Appraisal 
Recording of session four of eight in an individual CBT 
based psychoeducation course for bipolar disorder. 
Report of Clinical Activity 
N=1 
Cognitive-Behavioural Therapy for Panic Disorder with 
Agoraphobia with a Female Client in her Fifties. 
Major Research Project 
Literature Survey 
Learning and recalling information in Alzheimer’s 
disease using different neurological systems and via 
different means. 
Major Research Project 
Proposal 
What’s in a sound? The impact personal significance has 
on ratings of natural and non-natural sounds. 
Service-Related Project Planning for a borderline personality disorder care 
pathway: how does current care compare with national 
guidelines and trust care packages? 
 
Year II Assessments 
Assessment Title 
Report of Clinical 
Activity/Report of Clinical 
Activity – Formal 
Assessment 
Cognitive and academic assessment of an eight-year-old 
girl with ADHD and suspected specific learning 
difficulties. 
PPLD Process Account A reflective account of the process of attending a 
personal and professional group. 
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Year III Assessments 
Assessment Title 
Presentation of Clinical 
Activity 
Early twenties male with low mood and an intellectual 
disability. 
Major Research Project 
Literature Review 
What does the literature tell us about the role natural 
sounds can play in our well-being: implications for 
mental well-being? 
Major Research Project 
Empirical Paper 
Sounds of nature: what influences judgements of 
nature-based and non-nature-sounds? 
Report of Clinical 
Activity/Report of Clinical 
Activity 
Cognitive-Behavioural Therapy for Insomnia and Co-
morbid Anxiety for a Female in Her Fifties. 
Final Reflective Account On becoming a clinical psychologist: A retrospective, 
developmental, reflective account of the experience of 
training. 
 
